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Although the preparation of most medicinal clieinieals 
has passed away from the laboratory of tlie pharmaceutist, 
and is successfully conducted on a commercial scale in manu- 
facturing establishments, yet the responsibility for the iden- 
tity and quality of medicine?, and of the substances used in 
their preparation, rests properly and legally with those who 
prepare, compound, and dispense them. It is therefore the 
duty of the pharmaceutist and the dispensing practitioner of 
medicine, as also, to a considerable extent,, of the dru^ist and 
the manufacturing chemist, to examine the medicinal chemi- 
cals of commerce as to their identity, quality, and purity. In 
the exercise of this diity, they have frequent occasion to resort 
for information to references now widely scattered through 
chemical, pharmaceutical, and medical manuals and journals ; 
since out literature, although of vast and increasing extent, and 
crystallizing more and more into distinct hranches, is still 
wanting in a special guide for ready reference in the applica- 
tion of chemical analysis to such examinations. - 

In the present Yoliime I have endeavored to supply this 
want, in a manner and to an extent which, it is hoped, will 
confine the work within the precise limits of requirement, with- 
out detracting from its general scope and its practical useful- 
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Since chemical teets and examinations bear upon and in- 
volve the methods of systematic chemical analysis, and as these 
cannot he described in each particular instance, I have deemed 
it expedient to preface the volume with a few notes on opera- 
tions and reagents, and on a few important general testa, and 
to present a brief outline of a simple course of qualitative analy- 
sis for the systematic and progressive recognition of such sub- 
stances as are met with in the medicinal chemicals. A brief 
guide has also been added, for the volumetric estimation of 
those compounds to which this mode of examination is espe- 
cially applicable. 

Upon th^e preliminaries is based the subsequent descrip- 
tion of the physical and chemical properties and relations of 
the medicinal chemicals and their preparations, and of the 
methods employed for establishing their identity, and for 
ascertaining their quality and purity. It has been compiled 
with special reference to the fifth decennial edition of the 
United States Pijarmaeopoiia, to the latest Britisli Pharma- 
copteia, and to the Pharmacopcea Germanica of 1872. It has 
been brought within the briefest possible compass, witli the 
view to furnish a concise and trustworthy guide, combining 
easy execution, simple apparatus, and economy of time, with 
the greatest attainable accuracy. 

A glance at the table of contents will at once give an idea 
of the an-angement of the subject-matter, and of the scope as 
well as the limitations of the work. Chemical notation, al- 
though the most precise and definite, and at the same time the 
most comprehensive, method of expressing the constitution of 
compounds, has been omitted, for want of unanimity and abso- 
lute certainty in this particular point of chemical philosophy. 
The weights used are, with the exception of the volumetric 
tests and examinations, those of the troy scale, and the word 
"parts" means invariably parts by this weight, unless where 
volume-parts are expressly stated. Temperatures are denoted, 
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in accordance with general adoption, by degrees of tlie centi- 
grade scale. Comparative tables of the two scales, and of the 
troy and metric weights, are given at the end of the volume. 

In preparing this compendiiim, I have coiisiilted, and at 
times made free use of, a number of standard works, and 
periodicals of tlie kindred literature. I have, however, felt 
compelled, not without hesitation, to omit the introduction of 
references, which would have required much space, and would 
have greatly increased the size of the volume, without affording 
a corresponding advantage. 

Though well aware of the shortcomings and imperfections 
of the work, I nevertheless venture to hope that it will meet 
with kind consideration, and will prove both serviceable and 
stimulating in a province not yet duly appreciated or deserved- 
ly cultivated. This hope is the stronger, as the work appears at 
a time when the rapid advance of both sciences and arts, the 
drift of public sentiment, and the consequently increasing 
obligations of the pharmaceutist and the physician, all tend 
tovi'ard higher qualifications, and necessitate also, among other 
attainments, a more extended exercise of knowledge and skill 
in cliemical and microscopical investigation. I trust, more- 
over, to the candor of critics, who, while it is easy to detect 
faults in a volume of this nature and scope, in which perfec- 
tion would scarcely be attainable even under more favorable 
circumstances, can at the same time appreciate the difficul- 
ties of a work that has been written in a pui-suit and position 
which exclude, almost wholly, the quiet reflection and undis- 
turbed study requisite for the prosecution of scientific or literary 
labor. 

In conclusion, I desire to Gxi)ress my obligations and thanks 
to Prof. D. S. Martin, of Eutgers Female College, for his kind 
3 in the revision of the proofs. 



New Yoek, Fdruari/, 1873. 
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OPERA TIONS. 

The operations in simple tests and chemical examiuatious 
must be supposed to be familiar to the pharmaceutist, the drug- 
gist, the pharmaceutical manufacturer, and the physician ; the 
description of them, therefore, can properly be left to the 
manuals of analytical and pharmaceutical chemistry, and may- 
be coniined in this volume to a few practical hints in relation 
to some of the principal operations. 

Solutions,— The common solvent, water, has to be used dis- 
tilled, and this fact is to be understood throughout this work ; 
neither rain-water nor spring-water, however pure it may 
appear to be, can be used indismminatoly aa a solvent or for 
edulcoration in chemical investigations. 

Solutions for testing are best prepared in test-tubes, or in 
small flasks or beaker-glasses. 

Increase of the surfaces of contact hj comminution, agita- 
tion, and increase of temperature, as is well known, aid and 
accelerate the process of solution, as well ss of chemical reac- 
tion ; and one or both of these auxiliaries may bo employed, 
unless the nature of the substance or the effect of heat upon it 
is such as to exclude their application. 

Precipitation.~The formation of an insoluble body from a 
solution can be efieeted either by a change or modification of 
the solvent, or by the production of one or more new bodies, 
insoluble in the solvent. An instance of the iirst case is an 
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8 solution of tarium cliloride, which wil] he precipitated 
by the addition of concentrated hydrochloric acid, or a solution 
of calcium sulphate, which will be precipitated by alcohol ; in 
both these instances the solvent power of tiie menstruum is 
lessened and solution may be reestablished by the addition of a 
sufficient quantity of water. Instances of the second case of 
precipitation are a solution of calcium hydrate, precipitated by 
sodium carbonate, and a solution of magnesium sulphate, pre- 
cipitated by barium hydrate. 

Precipitation is resorted to as the most important mode of 
detecting and discriminating bodies by their physical and chem- 
ical properties. 

The term " turbidity " designates the fonnation of a precipi- 
tate so insignificant in qiumtity, or so finely divided, or so light 
in weight, that the suspended particles only impair the trans- 
parency of the ffuid, and require a certain amount of time to 
subside in the form of a precipitate. 

Ill the course of analytical investigation, each precipitation 
must be complete ; to insure this, the reagent must be added 
gradually, allowing the precipitate to subside after each addi- 
tion, until no further precipitate is produced. In almost all 
cases separation of precipitates is aided 
by the application of gentle heat. 

The separation of the supernatant 
menstruum from a precipitate is effected 
either by filtration and subsequent wash- 
ing of the precipitate upon the filter by 
means of a washing-bottle {Fig. 1), or, 
where the precipitate speedily and com- 
pletely subsides, by deeantation. As a 
rule, funnels and filters must be small, 
and proportionate to the amount of the 
precipitate and the flienstmum ; filters 
should be cut so as not to project oyer 
j^. 1. the rim of the funnel, and it is also ad- 

visable to moisten the filter upon the 
funnel with distilled water, by means of the wnshing-bottle, 
previous to passing the fluid through it. Deeantation is 
elFected either by pouring ofi^ the supernatant clear part of 
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the fluid by simply inclining the vessel and allowing the fluid 
to flow down a glass rod (Fig. 2), or by drawing it ofl' by means 
of a small glass siphon or a pipette (Fig. 3). 




In either mode of separation the precipitate, in most i 
stances, must be thoroughly freed 
from the menstruum by washing 
with water, either on the filter or 
by decantation. 

In all cases and operations 
of chemical examination, a rea- 
sonable economy with the sub- 
stance and the solutions is advis- 
able, so as to leave enough of the 
former for unseen contingencies 
and for contirmatory tests, as 
. well as to repeat or verify any 
and all results of the examina- 
tion. All tests and reactions 
are, therefore, performed on as ' ' 

small 3 scale as is reasonable and 

appropriate in the particular ease ; and all operations should 
proceed accordingly, and with constant observance of the prin- 
cioles and processes whereon they depend. 
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ME A aniirTS. 

The methods of chemical analysis and investigation consist 
in bringing the auhstances nnder examination into contact with 
other bodies of Ivnown properties, and observing the resulting 
phenomena. These phenomena consist in alterations, cither in 
state of aggregation, form, or color, resulting from some chemi- 
cal change. All bodies which are employed for this purpose 
are called reagents, and the ensuing phenomena reactions. 

It is obvious, therefore, that a sufficient knowledge of theo- 
retical chemistry in its details, and especially a familiarity with 
the deportment, properties, and relations of the common com- 
pounds and reagents, are indispensable to the pursuit of chemi- 
cal tests and examinations. Upon such knowledge depend the 
conception and comprehension of the conditions necessary for 
the formation of new compounds, and for the manifestation of 
the various reactions, as well as the connect inference from the 
observations and results of all investigations ; and without it 
they will remain unavailing and uncertain. 

!No special and definite rules can be assigned for the applica- 
tion of reagents in each instance, with respect to tlieir propor- 
tion and quantity. These must depend upon the quantity and 
nature of the substance under examination and its solution, as 
■well as upon tlie nature of the reagent, the sti-ength of its solu- 
tion, and the processes taking place in each particular reaction. 
Knowledge and reflection, as weU as a ready comprehension 
of the object and aim of each test, of its issues, and of the pos- 
sible incidents, and a correct inference from all phenomena, 
must decide at large, as well as in detail, not only what reagents 
should be employed, but also the amount and the conditions 
in each particular instance. 

A common error, and an obstacle to the less skilled, is the 
use of an excess of reagents. There are reagents whicii in many 
cases admit a free application without disadvantage to the cor- 
rectness of the result — as, for instance, hydrosulphurie acid, 
solution of calcium hydrate, etc. ; but the majority of reagents 
need to be applied in common tests only by a few drops of their 
solutions— as, for instance, baric, ferric, cupric, and argentic 
solutions, etc. On the other hand, there are not unfrequently 
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errors arising from an insufficient amount in tlie application of 
reagents, especially with dilute solutions, or in those casea in 
which the complete elimination of a substance by precipitation 
is required for the subsequent examination for other bodies ; for 
instance, hydrosulphuric acid, applied in a limited quantity, pro ■ 
duces a white precipitate with solutions of mercuric salts ; ap- 
plied in excess, it gives a blacli precipitate. There are other in- 
stances where an excess of the solution under consideration, as 
well as of the reagent, may redissolve, and consequently destroy, 
the precipitate whereon the reaction is based. 

In operations of chemical analysis it must always be borne 
in mind and well imderstood that, in the processes and phe- 
nomena taking place between the reagents and the substances 
acted upon, as in all chemical changes and reactions, certain laws 
and definite limits exist between cause and eifeet, and that the 
ability of coiTectly applying knowledge, judgment, and skill, 
and of drawing the right inference from necessaiy as well as 
from casual reactions and phenomena, must rale and guide the 
metliods and operations of the investigator, and cany them be- 
yond mere conjecture and empiricism. 

It is beyond the scope of this work to describe the mode of 
preparing the reagents, their use and application, and their 
depoi'tment with the common compounds. For such informa- 
tion, reference must be had to the toxt-books of applied and 
analytical chemistry, From a practical point of view, only the 
usual strength of tlie solution of the reagents, as best suited for 
the common tests and examinations, and the mode of preparing 
a few of the rarer or special reagents, or of siich as are not in- 
cluded among the medicinal chemicals considered in this vol- 
ume, have been stated. 

It hardly needs to be mentioned that all reagents must con- 
sist piu-ely of their essential constituents, and must contain nc. 
admixture of any other substance ; it must, therefoce, be an in- 
variable rule to test the purity of the reagents before they are 



The reagents and their solutions must be preserved accord- 
ing to their nature ; of those whose solutions are liable to altei- 
ation or decomposition, only small quantities must he kept, 
and always in tightly-closed glass-stoppered bottles. 
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Concentrated Sulphnric Aeid, — Spec, gray., 1.843 ; contain- 
ing about 78.36 per cent, anliydrona sulphuric aeid. 

Strong Sulphuric Acid, — Spec, grav,, 1.68; containing about 
62.04 per cent, anhydrous etilphurie aeid. Obtained by care- 
fully mixing, in a flask or beaker, 1 part of water with 3 parts 
of concentrated sulphuric acid (Fig. 4). 

In diluting concentrated 
salphurie acid with water, the 
acid should invariably aud 
graduiUy be added to the 
water, and in vessels which 
aie either placed in cold water, 
or which are not liable to crack 
fiom the heat evolved. 

Diluted Sulphuric Aeid. — 
Spec, grav., 1.113-1.117; con- 
taining about 13.50 per cent, 
of anhydrous sulphuric auid. 
Obtained by mixing 1 part 
of concentrated sulphuric acid 
P,g^ 4 witli 5 parts of water. 

Sulphurous Acid.— An aque- 
ous solution of hulphurjua acid gas, saturated at 15 C, con- 
taining about 37 times ita volume of gas. 

Concentrated Hydrochloric Acid. — Spec, grav., 1.16; contain- 
ing about 33 per cent, of anhydrous acid. 

Diluted Hydrochloric Acid. — Spec, grav., 1.038 ; contain- 
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ing atout 8 per cent, of anliydi-ous acid. Obtained by mix- 
ing i parts of water with 1 part of concentrated bydroehloric 
acid. 

Conoentrated ITitrie Acid. — Spec, grav., I.i3 ; containing 60 
per cent, of anhydrous acid. 

When concentrated acids are ap- 
plied in small teste only by the drop, 
as, for instance, in testing alkaloids, 
etc., they are taken from the bottle 
by dipping a glass rod into the acid 
and allowing the drop or drops to 
fall upon the substance to be acted 
upon, or better by means of a bind 
of pipette consisting of a thin, strong 
glass tube, adjusted at one end to 
a small caoutchouc bulb, and eon 
tr acted at the other extremity to 
a capillary end. The fluid is 
drawn into the tube, and delivere<l 
again by gentle pressure of the bulb 
(Fig. 5). 

Diluted Nitrio Aoid. — Spec, grav., 1.068; containing 10 per 
cent, of anhydrous acid. Obtained by mixing 4 parts of water 
with 1 part of concentrated nitric acid. 

Oxalic Acid. — Solution of 1 part of crystallized oxalic acid 
in 12 parts of water. 

Acetic Acid, — Spec, grav., 1.04T. 

Diluted Acetic Acid.— Obtained by mixing 4 parts of water 
with 1 part of acetic acid. 

Tartaric Acid,— Solution of 1 part of crystallized tartaric 
acid in 5 parts of water. 

Tannic Acid. — Solution of 1 part of tannic acid in a mixture 
consisting of 8 parts of water and 2 parts of alcohol. 

Indigo-Sulpliuric Acid.— Solution of indigo in sulphuric acid. 
Five grains of finely-powdered indigo are digested in 2 drachms 
of concentrated sulphuric acid, in a corked test-tube, for 2 
hours; subsequently, 4 ounces of strong sulphuric acid are 
added, and, after subsiding, the clear liquid is decanted, and 
carefully added to 2 ounces of water. 
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lud^o Sulphate, — Solution of 1 part commercial indigo car- 
mine * in 15 parts of water. 

Aniline Sulphate. — Solution of 5 drops of aniline in 1 ounce 
of diluted sulphuric acid. 

Snlphoric-Acid ISucil^;^ of Staroh. — Half a drachra of starcli, 
mixed with 1 ounce of cold water, is stirred into 3 ounces of 
boiling water ; then half a drachm of diluted sulphuric acid, 
and, when cool, 5 drops of heozol are added. 

Mucilage of Starch — 20 grains of starch, mixed with 1 ounce 
of cold water, are stirred into 3 ounces of boiling water, and the 
boiling is continued for a few minutes ; when cool, the clear liq^- 
uid is allowed to stand for 12 hours, is then decanted, and a few 
drops of benzol are added ; or 
it is saturated with sodium chlo- 
ride, when it may be kept a long 
time without decomposition. 

HydroBulphuric-Aoid Gas (Sul- 
phuretted Hydrogen), — Ohtain- 
ed by the action of diluted sul- 
phuric acid upon ferrous sul- 
phide. Among the several con- 
venient forms of apparatus for 
the continuous preparation of 
the gas and to keep it ready for 
use, the one represented in Fig. 
6 !B preferable. It consists of 
tbree glass bulbs, the two lower 
ones being a single piece, and 
the upper one, prolonged by a 
tube reaching to the bottom of ^^ ^ 

the lower, being ground air- 
tight into the neck of the second. Through the tubulure of 
the middle bulb the ferrous sulphide is introduced, and the 
tubulure then closed by a cork containing a wide glass tube 

* Obtained bj precipitation of a diluted Bolulion of indigo in Nordhausen oi! of 
vitriol by a concentrated solution of pure potassium earbonate in excess ; the deep- 
blue precipitate is collected upon a filter, washed with some water until Iho filtrate 
ceases to effervesce with concentrated acids, and is then dried. The obtained sul- 
phindigotic potassium is soluble, with a deep-blue color, in 140 parts of water. 
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provided with a stop-eock, or with a rubber tube, dosed 

by a Mohr's wire clamp (see p. 56). The acid is poured in 

through the safety-tube, runs into the bottom globe, and rises 

to overflow the ferrous sulphide in the middle one. When the 

air has been allowed to escape through the delivery-tube, and 

this is closed, the pressure of the accumulating 

hydrogen sulphide forces the liquid from the 

second bnlb down into the lower, and thence 

into the upper bulb, thus stopping the action, 

and preserving a volume of the gas ready for 

use. 

When no such apparatus is at hand, hydro- 
sulphuric-acid gas may be generated, in small ^^^ , 

tests, from a little flaak or a test-tnbe (Fig. 
7), taking care that none of the contents of the flask pass 
throngh the deliverv'-tube into the liquid under examination, 

Hydrosulphuric Aeid. — A solution of hydrosulpburic-aeid 
gaa (sulphuretted hydrogen) in water, saturated at 15° C, or 





at a lower temperature, containing about four times its volume 
of the gas. The gas is likewise obtained by the action of di- 
luted sulphuric acid upon ferrous sulphide, and is washed in 
water, contained in a small flask or cylinder (Fig. 8), before 
^ it into water for absorption. 
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In order to preserve the liydrosulphuric acid, it is advisable 
to fill the freshly-prepared saturated solution immediately into 
2- or 4-ouiice vials, and to place them, tightly corked, in an 
inverted position, in a jar filled with water. 

When, in the course of a test, a solution has to be acted 
upon for some time by hydrosnlphuric acid, a test-tnbe or flask 
may be employed, of such size as nearly to be filled by the 
liquid. It may then be tightly stoppered, allowing sufficient 
escape of air before corking, if it has to be warmed. 

Chlorine Water. — A saturated aqueous solution of chlorine, 
containing about 0.4 per cent, by weight of gas. For ana- 
lytical use, tliis solution is best preserved in 1-ounee vials, 
tightly corked and sealed, in a cool place. 

Iodine Water. — Add 1 drop of tincture of iodine to 3 fluid- 
ounces of water. 

Potassium Hydrate. — Solution of 1 part of fused potassium 
hydrate in 3 parts of water, containing 25 per cent, of potas- 
sium hydrate. 

Liquor Fotassse, 1J. S. P.— Containing 5.8 per cent, of potas- 
sium hydrate. 

Potassium Carbonate, — Solution of 1 part of pure potassium 
carbonate in 3 parts of water. 

Potassium Bicarbonate. — Solution of 1 part of potassium bi- 
carbonate in 10 parts of water. 

Potassium Acetate. — Solution of 1 part of potassium acetate 
in 5 parts of water. 

Potassium Iodate.^Fourteen grains each of iodine and of 
potassium chlorate are moistened with a little water, and trit- 
urated to a fine powder; a little more water, acidulated with 
5 drops of concentrated nitric acid, is then added, and the 
whole digested in a flask at a gentle heat, until discolored ; the 
heat is then increased to boiling, and the contents are subse- 
quently transferred to a porcelain capsule, and evaporated to 
complete dryness at 100° 0. The residue is dissolved in 5 
ounces of water, and filtered. 

Potassium Permanganate.— Solution of 1 grain of potassium 
permanganate in 5 ounces of water. 

Potassium Bicliromate.— Solution of 1 part of potassium bi- 
ehroraate in 10 parts of water. 
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PotaaBitim -intimonlate, — A cold-saturated, aqueous solution 
of potassium autiraoniate. 

Fotas&iiim Cyanide. 

Potassium Ferroeyanide, ^Solution of 1 part of potassium 
ferrocyanide in 12 parts of watei'. 

Potassium Ferri Cyanide,-— Solution of 1 part of potassium 
ferri cyanide iu 30 parts of water. 

Potassium Sulphoeyanide.— Obtained by boiling, in a flask, 
for 15 minutes, 1 dracbm of fused potassium cyanide and 1 
drachm of sublimed and washed sulphur in 6 di'achuis of 
water ; then the liquid is filtered, and so much water added 
as to make the quantity 6 fluid drachms. 

Potassium Iodide. — Solution of 1 part of potassium iodide in 
10 parts of water. 

Commercial potassium iodide generally contains traces of 
potassium iodate, and this should be eliminated by dissolving 
the salt in boiling alcohol, to saturation, filtering the hot solu- 
tion, and, when cool, eoJlecting and drying the separated salt. 

Xodinized Potassium Iodide. — Eight grains of potassium iodide 
and 2 grains of iodine, dissolved in 2 ounces of water. 

Potassium Meronrio Iodide. — A solution of 11 grains of mer- 
curic iodide and 8 grains of potassium iodide in 10 drachms of 
water. 

Potassium Mercuric Iodide with PotaMium Hydrate (Nessler's 
test). — A solution obtained by gi'adually adding mercuric 
iodide, mixed in a test-tube with some water, to a warm solu- 
tion of 20 grains of potassium iodide in 1 drachm of water, 
until the mercuric iodide ceases to be dissolved (about 20 grains 
will be required) ; when cooled, 1 drachm of water is added, 
and, after allowing tiie solution to stand for 24 hours, it is fil- 
tered, the filter washed with a few drops of water, and 5 drachms 
of Liquor Potassii, U. S. P., added. 

Sodium Hydrate (Liquor Sodii, U. S. P.).— Spec, grav., 1.071 ; 
containing 5.7 per cent, of sodium hydrate. 

Sodium Carbonate,— Dehydrated by exsiccation. 

Sodium Carbonate. — Solution of 1 part of crystallized sodium 
carbonate in 10 parts of water. 

Sodium Bicarbonate, — Saturated aqueous solution of sodium 
bicarbonate. 



by Google 



26 MANUAL OF CHEMICAL ANALYSIS. 

Sodium Bitartrate. — Saturated aqueous solution of sodium 
bi tart rate. 

Sodium Acetate, — Solution. of 1 part of ciystallized sodium 
acetate in 5 parts of water. 

Sodivim Phosphate. — Solution of 1 part of crystallized sodium 
phosphate in 5 parte of water. 

Sodium Hyposulphite, — Solution of 1 part of ciystallized 
sodium hyposulphite in 10 parts of water. 

Ammonium Hydrate (Aqua Ammonige fortior). — ^A nearly 
saturated aqueous solution of ammonium hydrate. Spec, grav,, 
0.900 ; containing about 26 per cent, of the gas by weight. 

Aqua Ammonite, U. S. P. — Spec, grav., 0,960 ; containing 10 
per cent, of ammonium hydrate. 

Ammonium Sulphydrate. — A solution of ammonium sulphy- 
drate in water containing some ammoninm hydrate ; it is ob- 
tained by saturating, at 15° 0. or a lower temperature, 4 parts 
of Aqua Ammonite fortior, TJ, S. P., with hydrosulphuric acid 
gas, and bj subsequent addition of 1 part of aqua ammoniffi. 
It is best preserved in 1-ounce vials, tightly corked, and in a cool 
place. This solution, being concentrated, has to be employed, 
in the common test, only in small quantities, mostly hy drops. 

When hydrosulphuric acid gas is at hand, ammonium sul- 
phydrate may, in many of its applications, be produced by 
saturating the liquid under examination with the gas, and by 
subsequent addition of ammonium hydrate; or, in ammoniated 
solutions, if dilution does not interfere with the reaction, by 
addition of hydrosulphuric acid. 

Ammonium Carbonate. — Solution of 1 part of crystallized 
ammonimn sesqui carbonate in 8 parts of water and 2 parts of- 
aqua ammonife. 

Ammonium Chloride. — Solution of 1 part of crystallized am- 
monium chloride in 10 parts of water, 

Ammoniated Magaesium Sulphate. — Solution of 2 parts of 
magnesium sulphate, 1 part of ammonium chloride, and 1 part 
of aqua ammoniie, in 8 parts of water. 

Ammonium Oxalate, — Solution of 1 part of crystallized am- 
monium oxalate in 20 parts of water. 

Calcium Hydrate (Lime-water), — Saturated aqueous solution 
of calcium hydrate. 
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Caloium Chlwide. — 1 part of precipitated calcium carbonate 
i& sliaken with 8 parts of water, and so much concentrated 
hydrochloric acid added as nearly to dissolve the cai'bonate ; 
the solution is then filtered, and 2 parts of water are added. 

Calcium Sulphate.- — Saturated aqueous solution of calcium 
sulphate, containing about 0.3 per cent, of the salt. 

Barium Hydrate.— Saturated aqueous solution of barium hy- 
drate, containing about 5 per cent, of the salt. 

Barium Nitrate, — -Solution of 1 part of crystallized barium 
nitrate in 16 parfca of water. 

Barium Chloride,— Solution of 1 part of crystallized barium 
chloride in 16 parts of water. 

Magnesium Sulphate, — Solution of 1 part of crystallized mag- 
nesium sulphate in 10 parts of water. 

Ferrous Sulphate.— -Solution of 1 part of ferrous sulphate, 
obtained by precipitation with alcohol, in 4 parts of water. 

ITerrous sulphate is best obtained by pouring an aqueous 
solution of freshly-prepared crystallized ferrous sulphate, satu- 
rated at the boiling-point, into strong alcohol, collecting the 
precipitate upon a filter, wasliing with a little alcohol, drying 
by pressing between iiltering-paper, and by immediately filling 
the humid salt into small warm vials, which are corked and 
sealed while wann. The absence of ferric sulphate may be 
ascertained by testing the solution with potassium ferro-cyanide. 
No blue turbidity, or only a very slight one, should occur. 

Ferric Sulphate, obtained by diluting 1 part of Liquor Ferri 
Persulphatis, IT. S, P., with 3 pai'ts of water. 

Ferrio Chloride, obtained by diluting 1 part of Liquor Ferri 
Perehloridi, U. S. P., with 3 parts of water. 

Ferri dinitrosulphide, obtained by adding, drop by drop, a 
solution of ferric chloride or sulphate, with constant stirring, 
to a mixture consisting of equal pai-ts of strong solntions 
of potassium nitrate and ammoniuin sulphydrate, heating the 
liquid to boiling for a few minutes, and filtering while hot from 
the sulphur. The deep-colored liquid depositft, on cooling, 
black, needle-shaped rhombic prisms of ferri dinitrosulphide ; 
these are dissolved 1 part in 10 parts of water, to give the 
reqviired solution. 

Cobaltous Hitrate. — Solution of 1 part of cobaltoua nitrate in 
10 parts of water. 
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Staimoas Chloride. — Saturated Bolution of real and pure tin- 
foil in concentrated hydrochloric acid, with subsequent addition 
of a little concentrated hydrochloric acid. 

Plumbic Acetate.— Solution of 1 part of crystallized plumbic 
acetate in 10 parts of water. 

Plumbic Nitrate.^ Solution of 1 part of crystallized plumbic 
nitrate in 10 parts of water. 

Cupric Sulphate, — Solution of 1 part of crystallized cupric 
sulphate in 10 parts of water, 

Fehlii^a Solution. — i^ drachms (17,33 grammes) of pure 
crystallized cupric sulphate are dissolved in 3 ounces of water ; 
2i ounces and 2 scruples (86.25 grammes) of pure crystallized 
potassium and sodium tartrate are dissolved in 5 ounces of water, 
and 2^ ounces (70 grammes) of Liquor Sodse of 1.3 spec. grav. 
are added. Then the cupric solution is gradually added to the 
latter one, and the liquid passed through a filter, and so much 
water added as to make the whole measure 16 fluidounces 
(500 cubic centimetres), 

Mereuric Chloride. — Solution of 1 part of crystallized mer- 
curic chloride in 20 parts of water. 

Argentic Hitrate. — Solution of 1 part of crystallized argentic 
nitrate in 20 parts of water, 

Platinic Chloride.— Solution of 1 part of platinic chloride in 
20 parts of water. 

Sascent Hydrogen is a very delicate means of detecting 
arsenic ; this test depends upon the production of hydrogen 
arsenide, whenever arsenic is present in any soluble form, in a 
solution in which hydrogen is being evolved by the action of 
zinc upon hydrochloric or sulphuric acid. 

There are two methods of the application of this test ; the 
one long known as Marsh's test, and preeminently adapted for 
forensic and quantitative detection and estimation of arsenic, 
the other of recent device, and preferable.for the ready and 
prompt qualitative detection of arsenic. 

A complete but simple form of apparatus for Marsh's test is 
represented in Fig, 9 ; it consists of a generating-flask a, of about 
4 to 6 ounces' capacity, provided by means of a twice-perforated 
cork, or rubber stopper, with a funnel-tube and a delivery-tube, 
which last is connected by rubber corks with a wider glass tube, 
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0, loosely filled with fragments of calcinm-cliloride ; to the oppo- 
site end of tbis drying-tube ia attached a long piece of narrow 
tubing of hard German glass, d, drawn out into a capillary end. 
and bent up so as to form a vertical jet. 




The test consists in introducing into the flaslc a pure granu- 
lar zine or magnesium, and a little water ; wlien the apparatus 
is tightly fitted, hydrochloric or sulpliuric acid is added through 
the funnel-tube. 

It is neoe^ary in each case first to ascertain the purity of 
these substances. After the evolution of gaa has continued 
long enough to expel the atmospheric air, the reduction-tube, d, 
is heated to redness for about ten minutes, the escaping gas is 
lighted, and a piece of white porcelain held in the fiame. If 
no dark deposit tates place, either in the tube or on the porce- 
lain, the liquid to be tested may then be added through the fun- 
nel-tube, and the operation continued in the manner described. 
If arsenie-epots are obtained in the tube, a number of them may 
he produced by heating the tube in at least two places, at dis- 
tances of about three inches, or if an approximately quantita- 
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tive estimation of the arsenic is desired, all the araenie may be 
obtaiued by the employment of a longer reduction-tube and 
several flamee. 

The obtained arsenic mirrors may be examined for identi- 
fication or quantitatively determined by subsequently cutting 
off the tube with a file, 

Haffer's test, requiring a simpler apparatus and less time, 
depends upon the action of hydrogen arsenide upon soluble 
argentic salts, forming black argentic arsenide, and consists 
in evolving hydrogen in a long test-tube, and allowing tlie 
escaping gas to pass tlirough a cover of white bibulous paper 
moistened with solution of argentic nitrate, or closing the tube 
loosely with a cork, into the lower end of whicii a strip of stiff 
white blotting-paper paper, moistened with the ai'gentic nitric 
solution, has been fastened. 

Since, however, the presence of the lower oxy-acids of sul- 
phur and selenium give rise to the formation of hydro sulphuric 
acid, whicli also blackens argentic salts, this test has invariably 
to be preceded by a test for the absence of such acids, for 
which purpose plumbic acetate is employed, which is not de- 
composed by hydrogen arsenide. 

A mixture of 1 part of concentrated hydrochloric acid with 
3 parts of water, or, when sulphuric acid is employed, a mixture 
of 1 part of concentrated sulphuric acid with 4 to 5 parts 
of water, is introduced into a long test-tube (Fig. 10), taking 
care that it fills only about one-tenth of the capacity of the 
tube, and that the upper parts of the interior of the tube re- 
main dry; a few pieces of pure zinc are then placed in the 
acid, and a small bunch of cotton, moistened with a solution of 
plumbic acetate, is inserted into the orifice of the tube, which 
is then allowed to stand for half an hour; if, after that time, 
the cotton remains colorless, the reagents are free from lower 
oxy-acids of sulphur and selenium, which ure liable to form 
hydrosulphurie acid, and to impair the correctness of the test. 

The operation may then be repeated with the addition of 
the liquid to be tested, and with the precaution to ascertain, 
notwithstanding the purity of the reagents, the absence of 
hydrosulphurie acid, by the simultaneous exposure of argentic 
nitrate and plumbic acetate to the escaping gas ; this is done 
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by employing the cotton moistened with solution of plumbic 
acetate and pressing it a little into the tube ; the opening is 
then loosely tied with white blotting-paper, and this moistened 
with one drop of solution of argentic nitrate ; or a few frag- 
ments of cork are placed upon the cotton, and a little gun- 




cotton moistened with solution of argentic nitrate is placed 
above. Instead of cotton and paper cover, a cork may be em^ 
ployed, provided witii two small strips of stiff, white blotting- 
paper, which are moistened immediately before the operation 
is instituted, the one with solution of argentic nitrate, the 
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other with solution of plumbic acetate ; the eork is then loosely 
fitted into the test-tube, and thia allowed to stand for lialf an 
hour. 

If arsenic be present, the paper cover, or strip, or the gun- 
cotton, containing the argentic solution, will become black ; the 
strip moistened with plumbic acetate miist remain white. As 
an additional evidence that the brown or black reaction is 
argentic arsenide, the paper or cotton containing the dark 
reaction may be immersed in an aqueous solution of potas- 
sium cyanide (1 to 8) in a test-tube, and this gently warmed, by 
dipping it in water of 50° 0. ; the dark spots of argentic 
araenide will become a httle lighter, but will not disappear, 
while spots of argentic sulphide disappear at once, and spots 
of argentic phosphide or antimonide are dissolved gradu- 
ally. 

Ether. — Spec, grav., 0.728. 

Absolute Alcohol — Spec, grav., 0.793. 

Chloroform.— Spec, grav., 1.480. 

Carbon Bisulphide. — Spec, grav., 1.372. 

BenzoL— Spec, grav., 0.680 to 0.700. 

Albumen. — The white of one chicken-egg is agitated with 3 
ounces of water, and is then filtered through clean tow, pre- 
viously moistened with water. 

Gelatin. — Solution of 10 grains of ichthyocolla, in shreds, in 
each ounce of water, obtained by digestion and subsequent 
filtration through moistened clean tow. 

Keutral Litmus-Solution ia prepared by digesting, for 24 
hours, 1 part of powdered commercial litmus in about 10 parts 
of water; the solution is then filtered, and the filter washed 
with 4 parts of water. The filtrate obtained is divided into 
two equal parts ; to one of them very dilute ph{)sphoric acid 
is added, drop by drop, with constant stirring, until the liquid 
turns faintly red. The red liquid is then "added to the blue 
portion, 2 parts of alcohol are added, and the whole kept in 
small, well-corked bottles. 

Blue Litmus-Faper is prepared by drawing unsized white 
paper {Swedish filtering-paper) through the above neutral 
liquid. 

Red litmus-Paper is prepared by drawing unsized white 
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paper (Swedisli filtering-papor) through the acidulated red- 
dened part of the lltmus-Bolutioii, as obtained and described 
above, in the preparation of neutral litmus-aolution. 

The paper obtained is dried in warm air, and, for ready 
use, is cut into strips of about ^ of an inch wide and i inches 
long, and preserved enclosed in paraffin-paper, or in tightly- 
corked bottles. 

In reactions of neutralization, ■where carbonic-acid gas is 
evolved, this substance acts on litmus, and may impair the cor- 
rectness of the test ; in such operations it is therefore better, 
if admissible, to operate on warm solntions, in order quickly to 
expel the carbonic-acid gas ; if heat be incompatible, turmeric- 
paper may be used instead of litmus-paper. 

Tnnneric-Solatioii, obtained by digestion of 1 part of pow- 
dered rhizomaa of turmeric in a mixture of 4 parts of alcohol 
and 3 parts of water. After one or two days, the liquid is 
filtered off and preserved. 

Tnrmeric-Paper is prepared from this tincture by steeping in 
it while unsized paper (Swedish liltering-paper). The paper 
need not be preserved from the action of the atmosphere, since 
it remains unchanged by carbonic acid. 

Alkanet-Faper is prepared like litmus-paper, by saturating 
unsized paper with a solution of the altanet-red. This is 
obtained by extracting dry alkanel^root with ether ; the filtered 
solution is ready for use. 

The blue paper may be obtained irom the red one by dip- 
ping it into an aqueous solution of sodium carbonate (1.500). 
A neutral paper, answering for the alkaline as well as the acid 
test, may be prepared by dividing the ethereal solution of alka- 
net-red into two equal parts ; to one is added, di-op by drop, an 
aqueous solution of sodium carbonate, until the red is just 
changed to a distinct blue tint; then both liquids are mixed 
and used for the preparation of the paper. 
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BEIEP COUESE 



QUALITATIVE CHEMICAL ANALYSIS. 



CnEMicAi. tests and examinations must "be founded upon a 
thorougli knowledge of the nature and relations of tlio reagents, 
and of their deportment with the common compotindB, and also 
upon a certain fixed order and methodical system in their ap- 
plication. These attainments, and the necessary skill, expe- 
rience, and judgment, are requisite for every one who enters 
upon testing and investigation with a chance or claim of accu- 
racy or certainty. 

The following brief outline of a simple pi'ogreasive course 
of qualitative chemical analysis depends, first, upon the succes- 
sive elimination of groups of elementary compounds which 
possess certain common chemical properties, and, finally, upon 
the recognition of each member of such groups; it ujay there- 
fore serve as a guide whenever, in the course of investigation, 
recourse is to be had to such a systematic method of analysis. 

For obvious reasons, only those elementary bodies and their 
compounds have been taken into consideration which are met 
with in the examination of medicinal chemicals and their prep- 
arations. For any more comprehensive or elaborate informa- 
tion, the standard works of analytical chemistry should be con- 
sulted. 

When tJie object of the examination is only to establish the 
presence or absence of some particular substance, the charac- 
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teristic reagent may be employed at onee ; but, if a qualitative 
analysia ie required, tbe Bubstance, if a solid body, may be sub- 
jected first to a preliminary examination in the dry way, by 
wliieh means approximate information as to its composition 
may be obtained; after this, it is dissolved, and examined. 
The eoursa of qualitative analysis, therefore, consists of three 
parte : 

I. Preliminary examination in the dry way. 
II. Solution, or conversion into the liquid form. 
III. Analysis of the solution. 

X, paSLISIINABY' EXAMISATIOH". 

This consists in an accurate observation of the physical 
properties of the substance, its form, color, hardness, gravity, 
and odor, and of its deportment at a high temperature, either 
alone, or in contact with some chemical compound which pro- 
duces decomposition. 

1. TilK SUBSTANCE IS HEATED IN A DET NAEIiOW TUBE (Fig. 

11). 

(a) Organic compounds c<wbonise and llao^en, evolving 
empyreumatic, inflammable gases. 

(5) The swdatcmce remama imaltered; indicating absence 
of organic matter, of salts containing water of crystallization, 
and of volatile compounds. 

(o) The substance fiises, excelling aqueous vapora, which 
condense in the cooler parts of tlie tube ; indicating salts with 
water of crystallization (tlieae will geiierallj re-solidify after the 
expulsion of tlie water), or decomposable hydrates, which often 
give off their water without fusing. 

{d) Gases or furnss wre evobved : smell of iodine from iodine 
compounds; smell of sulphurous acid from decomposition of 
sulphates ; smell of nitric oxides from the nitrates ; smell of 
ammonia from ammonium salts, from cyanides, or from nitroge- 
nous organic compounds, in which latter case carbonization 
takes place, and either cyanogen or empyreumatic fumes es- 
cape with the ammonia. 

(e) Svhlimates are formed by volatile substances, as sulphur. 
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and compounds of ammonium, mercury, arsenic, and antimony. 
In this case the sublimate is removed to the bottom of the 
test-tube, and, together -witli the substance, is covered with a 




few small pieces of charcoal, and again heated; mercury and 
arsenic form metallic sublimates, the latter witli the character- 




istic garlic odor the foimei without In another tube part 
of the substance is heited, and the subhm ite l^ moistened 
with solution of potaMium h^drite, raeicuruus cliluiide turns 
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blaet ; mercnric chloride, red ; and ammonium salts evolve the 
odor of ammonia. 

2. The substance is mixed wrrH dried bodium cakbonate, 

AHD HEATED ON OHAKCOAL IN TUE EEDUCIKG FLAME OF 
THE BLOW-PIPE (Fig. 12). 

(a) Fusion and absorption- into the coal indicate alkalies, 
'tber at onee or after previ- 
I, indicates compounds of 
om, aluminium, zinc, or tin. 



(6) An infusible white residue, t 
ous fusion in the water of crjstallizatio 
calcium, barium, strontium, mf^esio 

(c) A reduction to the metallic staie takes place, without 
formation of a peripheric incrustation upon tbe charcoal. 
Compounds of tin, silver, and copper, give malleable shining 
scales. Compounds of iron, manganese, cobalt, and nickel, are 
reduced to a gray infusible powder ,■ all visible upon cutting 
the fuse from the coal, and triturating and levigating it in an 
agate mortar. 

{(T) Heduction with inor-mtcttion : Antimony compounds 
give a brittle metallic globule and a white incrustation ; bis- 
muth, a brittle globule and a brown-yellow incrustation ; lead, 
a malleable globule and a yellow incrustation ; zinc and cad- 
mium are not reduced, but give, the former a white incrusta- 
tion, not volatile in the oxidizing flame, the latter a brown-red 
incrustation. 

(e) Arsenic compounds give the smell of garlic. 

if) Borates and aluminatea swell up. 

{g) Sulphur compounds give an alkaline sulphide, which, 
when moistened, leaves a black stain npon a clean silver plate. 

II. SOI.T7TION or SOIiID BODIES. 

After having ascertained, by the preliminary examination, 
to what class of bodies the substance under consideration be- 
longs, it has then to be brought into the liquid form — in other 
words, to be dissolved. The usual solvents which are employed 
are water, hydrochloric and nitric acids, and aqua rcgia. The 
finely-powdered substance is first boiled with from 12 to 20 
times its weight of distilled water, in order to ascertain its 
complete or partial solubility, or its insolubility therein. If it 
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be not completely dissolved, the portion iiisolnble in water is 
collected upon a filter, and is then treated successively with 
dilute and concentrated hydrochloric acid ; by this process car- 
bonates evolve carbonic-acid gfis, with effervescence ; peroxides, 
chromates, and chlorates, evolve chlorine ; cyanides give hydro- 
cyanic acid; many-sulphides, hydrosulphurio acid; sulphites 
and hyposulphites, sulphurous acid. 

If hydrochloric add does not completely dissolve the sub- 
stance, it generally efiects the separation of one or more of its 
constituents ; for this reason the solution should be separated 
from the residue and examined apart. The residue may consist 
of compounds un decomposable by hydrochloric acid, which 
existed in the original substance ; or of insoluble compounds 
formed by the decomposition of the original substance by hy- 
drochloric acid. Thus sulphur is separated from poly sulphides, 
and pulverulent or gelatinous silica irom silicates ; or, if lead, 
silver, or subsalta of mercury be present, insoluble chlorides of 
these metals will be formed. In this latter ease, argentic chlo- 
ride may be distinguished by its solubility in aqua ammoniEe, 
and mereurous chloride by its reduction to black mercurous oxide. 

If the substance is not completely soluble in hydrochloric 
acid, the insoluble residue is treated successively with nitric 
acid and aqua regia, which either act as mere solvents or exert 
an oxidizing action. 

When a finely-powdered substance is not dissolved by suc- 
cessive treatment with either of these solvents, it must be ren- 
dered soluble by other means, in order that its constituents may 
be determined. This is generally accomplished by fusion with 
3 to 4 parts by weight of alkaline carbonates, in the case of 
the sulphates of barium, strontium, calcium, and lead, and also 
of silica and silicates, or by fusion with potassium bisulphate 
in the case of alumina or aluminates. 

iii. aualitativb analysis os solutioks. 

1. Examination i'ok bases. 

The most important groups of bodies are the simple com- 
pounds of the so-called metallic elements, which contain gen- 
erally but one base and one acid, or one metallic and one 
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non-metallic element. The elimination of the former depends 
upon the different solubility of their sulphides, and, upon this 
fact, tliey are divided into three groups, which afterward are 
successively discriminated; hy this proceeding, the detection 
of each individual member of such group ia considerably facili- 
tated. 

Gioup I. — Metals whose sulphides a/re i/nsoluble in water or 
diluted acids. They are all precipitated from their acid solu- 
tions by hydrosulphurie acid. They are divided into two aub- 
divisions : 

(A) Metals whose sulphides arc sulpho-acids, forming with 
sulpho-bases {ammonium, potassium, and sodium sulphides) sol- 
uble sulpho-salts. These are : arsenic, antimony, tin, and gold. 

(B) Metals whose sulphides do not possess acid properties, 
not combining with, and therefore insolnble in, alkaline sul- 
phides. These are; lead, silver, mercury, bismuth, copper, 
and cadmium. (Sulphide of mercury is soluble in potassium 
or sodium sulphide, and sulphide of copper is somewhat solu- 
ble in ammonium sulphydrate.) 

Group XL — Metals whose svlphide§ form soluhle sulpho- 
8(dt8, which consequently are not precipitated by hydrosulphu- 
ric acid from neutral or acid solutions, but partly from alkaline 
solutions ; which, however, are completely precipitated by am- 
monium sulphydrate from neutral as well as from alkaline so- 
lutions. These are, again, subdivided into two groups : 

(A) Metals which are precipitated as sulphides : iron, man- 
ganese, zinc, nickel, and cobalt. 

(B) Metals which are precipitated as owy-hydrates : alumin- 
ium and chromium. 

Oronp in. — Metals whose sulphides and hydrates are sol- 
uble in water ) and which, therefore, are not precipitated by 
hydrosulphuric acid nor by ammonium sulphydrate from any 
solution. This group includes the so-called alkaline and alka- 
line-earthy metals. They are subdivided according to their 
deportment with ammonium carbonate in the presence of am- 
monium chloride. 

(A) Metals which are precipitated by ammonium carbonate, 
their normal carbonates being insoluble in water or in ammo- 
nium chloride; these are: calcium, barium, and strontium. 
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(B) Metals whicli are not precipitated by ammonium car- 
bonate; these are: magnesium, potassium, sodium, and ammo- 
nium, Magnesium carbonate is insoluble in water, but soluble 
in ammonium chloride ; the earbonatee of the alkaline metals 
are soluble in water. 

If a solution is supposed to contain several or all of tliese 
metals, if is obvious that, by the successive application of 
these general reagents, we shall separate,^*^, by hydrochloric 
acid, tliose metals whose chlorides are insoluble in water or in 
dilute acids ; secondly, by hydrosnlphurie acid, those metals 
whose sulphides are insoluble in diluted acids; thirdly, by am- 
monium snlphjdrate, those remaining metals whose sulphides 
or iiydrates are insoluble in neutral or alkaline liquids ; and, 
finally, by ammonium carbonate, those metals whose carbonates 
are insoluble ; so that at last only the alkaline metals are left 
in solution. 

Hereupon the following course and method of investiga- 
tion may be employed, with the observation of the following 
rules: 

The precipitation by each general reagent must be com- 
plete. To insure this, the reagent must be added gradually, 
allowing the precipitate to subside between each addition, until 
no farther precipitate is produced. In the case of hydrosnl- 
phurie acid, the precipitation is complete when tiie solution, 
after agitation, still smells strongly of the gas. 

Each group, when precipitated, must be thoroughly freed, 
by washing with water, from all members of the subsequent 
groups, which may be contained in the solution. After the 
precipitatiou of each group, it is advisable to ascertain the 
presence or absence of any members of the succeeding groups, 
by evaporating on platinum-foil a lew drops of the filtrate ; if, 
after ignition, there is no distinctly visible residue, non-volatile 
substances need not be looked for further. It is obvious that, 
if complete precipitation and thorough washing be neglected, 
metals belonging to one group are liable to be found among 
those of another group ; and, consequently, as the analysis pro- 
ceeds, reactions will be obtained which will be a soin'ce of per- 
plexity and errors. 
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Topa/rt of the solution of the substance under examiination, 
acidulated with hydrochloric or nitric acid, add hydrosulphu- 
rie acid: 

FrecipUate No. 1. 
Yellow precipitate : areenic, tin, and eadmiura. 
Orange precipitate : antimony. 
Blown precipitate : gold and subaalta of tin. 
Black precipitate ; mercury, lead, bismuth, silver, 

and copper. 
Filter, preserve the filtrate, and mark it No. 1. 

Wash precipitate 2fo. 1 on a filter, and treat with ammo- 
nium Bulphydrate; filter, and preserve the residue, marked 
No. 1, on the filter. The filtered solution of sulphides is now 
over-saturated with hydrochloric acid : the ensuing precipitate 
may contain the sulphides of arsenic, antimony, tin, and gold; 
it 18 washed and treated with solution of ammonium carbonate, 
which dissolves arsenic ; from this filtered solution the ai^enic 
may be re-precipitated by hydrochloric acid, and may be iden- 
titied as araenio by the metallic mirror, and by the garlic-Hke 
odor when heated with charcoal in a glass tube. Those sul- 
phides which are not soluble in ammonium carbonate are dis- 
tinguished by their deportment when heated on charcoal in the 
blowpipe-flame ; antimony oxidizes in the oxidizing part of the 
flame, giving white fumes and an incrustation of antimonic 
oxide ; sulphide of tin, not being volatile, remains on the char- 
coal, and gives, when fused with potassium cyanide, malleable 
metallic globules of tin. An examination for gold is only re- 
quired when the solution of tlie original substance bad a yellow 
color; in this ease the solution is tested with ammonium chlo- 
ride, and then heated with ferrous sulphate ; gold is reduced 
and precipitated as a fine brown powder. 

Residue lAo. 1 is treated on its filter with warm_^nitric acid ; 
sulphide of mercury remains undissolved ; it is dissolved in 
aqua regia, and recognized by reduction with stannous chlo- 
ride. Part of the iiitric-acid solution of the sulphides is tested 
with sulphuric acid for lead; if this he present, it must be 
completely precipitated from the solution before testing the 
same with hydrochloric acid for silver, and this metal, if pres- 
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ent, must also be completely precipitated ; the filtered solution 
is next over-saturated with ammonium hydrate; an ensuing 
blue color indicates copper, and a wliite precipitate, bismuth; 
inthe latter case the precipitate is collected upon a filter and 
dissolved in a few drops of strong nitric aeid, whieli solution, 
when dropped into an excess of water, will give rise to the 
formation of white turbid clouds. Finally, the solution fil- 
tered from the bismuth is treated with ammonium carbonate ; 
oadmiuiu, if present, is precipitated, and may he confirmed by 
the formation of brown circular incrustations on the charcoal, 
when the precipitate is heated with exsiccated sodium carbon- 
ate in the reducing fiame. 

FUtrcde JVo. 1, when an examination upon fixed constitu- 
ents, by evaporation and heating upon platinura-foil, has an 
affirmative result, is oversahiraied with wrmnoniimh hydrate, 
and an excess of ammomum sul^hyd/rate ia added. 

Precipitate No, 2. 

Black precipitate: iron, cobalt, and nickel, 
Flesh-colored precipitate : manganese. 
Bluish-green precipitate : chromium. 
White precipitate : aluminium and zinc. 
Filter, preserve the fillxate, and mark it No. 2. 

Wash the precipitate on the filter, and dissolve in hydrochlo- 
ric acid. Only the sulphides of nickel and cobalt remain un- 
dissolved ; they are dissolved upon the filter with warm nitric 
acid; the ensuing solution is slightly over-saturated with am- 
monium hydrate, and subsequently treated with potassium 
hydrate : nickel is precipitated as green oxyhydrate ; the 
solution filtered from the nickel is tested with hydrosulphuric 
acid; a black precipitate of cobalt sulphide is identified as 
such by fusing it before the blowpipe with a borax-bead, to 
which it imparts a blue color. 

The hydrochloric-acid solution of precipitate "Ro. 2, contain- 
ing the metals of the second group, ia boiled, after the addition 
of concentrated nitric acid, until the evolution and odor of hy- 
droBulphurlc acid cease, when it ia filtered and over-saturated 
with ammonium hydrate : the ensuing precipitate may contain 
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the Iiydrates of iron, aluminium, and chromium. They are 
collected npon a filter, and the filtrate ie marked Wo. 3. In 
order to discriminate them, the precipitate is treated with a 
solution of potassium hydrate : aluminium and chromium 
oxides dissolve; the liquid ia diluted with a little water, fil- 
tered, and heated to boiling ; chromiiun hydrate is re-precipi- 
tated, the eohition is then filtered, and hoiled with ammonium 
chloride: aliuninium hydrate is precipitated. The residue 
from the precipitate remaining undissolved in potassium hy- 
drate is dissolved in a little hydrochloric acid, and recognized 
as iron by precipitation with potassium ferrocyanide. 

Filtrate No. 3 is boiled with potassium hydrate ; an ensu- 
ing precipitate, first white, and gradually turning brown, indi- 
cates mangauese, which may also be recognized by the green 
fuse, when a part of this precipitate is fused with a mixture of 
sodium cai-bonate and potassium nitrate on platinum-foil. The 
solution, filtered from the precipitate, gives, on the addition of 
hydrosulphuric acid, a white precipitate of zinc sulphide, if 
that metal be present. 

Filtrate No. 3, when evaporation upon platinum-foi! indi- 
cates fixed constituents, is over-saturated with hydroohlorio 
acid, and is heated until the odor of hydrosulphuric acid nearly 
or entirely ceases ; when cold, it is filtered, aUghUy on&r-aatu- 
rated v>ith ammoniwrn hydrate, and completely jpreevpitated hy 
ammonium oa/rlonate. The carbonates of calcium, barium, and 
strontium, are thrown down. The precipitate is dissolved in 
hydrochloric acid, and the resulting solution is tested by agita- 
tion with a saturated solution of calcium sulphate : if a white 
precipitate be formed immediately, the presence of barium is 
shown ; if it be formed after a while, strontium is indicated. 
If both these alkaline earth-metals be present, the solution is 
completely precipitated by sulphuric acid; the filtered solution 
is then neutralized with ammonium hydrate, and^tested with 
amraoninm oxalate; an ensuing white precipitate indicates 
calcium, 

If the solution filtered from the earthy carbonates shows 
fixed constituents upon evaporation on platinum-foil, part of 
it is examined with sodium phosphate : an ensuing white pre- 
cipitate of magnesium and ammonium phosphate indicates 
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magnesiuia. If this metal be present, the solution is exactly 
neutralized with hydrochloric acid, and is then agitated with 
barium hydrate, so that the magneBium may be completely 
precipitated as hydrate ; the excess of barium is completely re- 
moved from the filtrate by sulphuric acid ; the filtrate ia tiien 
evaporated to dryness, the residue moistened with hydrochloric 
acid, and heated to redness; it ia then examined upon plati- 
luim-wire in an alcohol-flame; sodium imparts a yellow, 
potassiuin a red, color to the flame ; for veritieation, the rest 
of the residue may be dissolved in a few drops of water, and 
tested with platinum chloride ; a yellow crystalline precipitate 
of potassium platinic chloride will be formed, if potassium be 
present. 

Ammonium is always sought for in a separate portion of 
the original substance or solution, by beating with a concen- 
trated solution of potassium or sodium hydrate: any ammo- 
nium compound evolves the characteristic odor of ammonia. 

U. EXAMINATION FOR ACIDS. 

The examination for the bases is followed by that for the 
acids and for chlorine, iodine, and bromine. The preliminary 
examination, as well as the nature of the substance and the 
bases found therein, will give information, in most cases, as to 
what acids cannot be contained in the substance, and what 
acids may be present therein or should especially be looked 
ibr. Tims the acids of arsenic, and chromic, carbonic, and 
hydi-osulphuric acids, have already been indicated. With 
soluble substances containing earthy and metallic bases, the 
presence of carbonic, phosphoric, boric, and oxalic acids, is 
excluded; soluble substances, containing silver, lead, and 
mercurous compounds, exclude chlorine ; soluble substances, 
containing lead, barium, strontium, and mercurous salts, ex- 
clude auljihuric acid. 

In the examination for acids, a neutral solution is frequent- 
ly required, and generally ammonium hydrate is used for neu- 
tralization ; hut, as most of the heavy metals, as well as some 
alkaline earthy salts, are precipitated when their solutions are 
neutralized by ammonium hydrate, it is often necessary to 
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remove from the solution all metala, except those of the alkalies, 
before proceeding to search for acids. When this is not neces- 
sary, it is frequently requisite, according to tlie nature of the 
substance and its cheiuieal relations, to suhstitnte, instead of 
hydrochloric acid and its salts, nitric acid and the correspond- 
ing nitrates. 

The general reE^ents employed in the examination for 
acids are barium chloride or nitrate, calcium chloride, argentic 
nitrate, ammonium and magnesium sulphate, ferric chloride, 
and indigo-aolution. By these reagents the common acids 
are divided into certain groups; 

1. Acids which are preeipUated hy banum nitrate : — a,' 
from, add/ulaied solif-tions: snlphuric acid; — b, from, neui/ral 

! (the precipitate being soluble in acids) ; sulphurous, 
JSj carbonic, silicic, oxalic, chromic, boric, tartaric, 
citric, and arsenic acids. 

2. Acids which a/PC precipitated J>y calcium, chloride : — a, 
from, neutral soliitions only : phosphoric, arsenic, boric, car- 
bonic, sulphurous, tartaric, citric acids, and ferrocyanides ; — b, 
from, neutral or acetic-acid soktOons : sulphuric and oxalic 
acids. 

3. Acids which are precipitated hj maffnesiimt, sulphate, in 
presence of ammonium hydrate and ammonium chloride : phos- 
phoric, arsenic, and tartaric acids. 

4. Acids which a/re recognized hy ferric chloride : — a, are 
precipitated ; ferrocyanjdes, phosphoric, arsenic, tannic acids 
(from a neutral or acetic-acid solution), boric, benzoic, and suc- 
cinic acids (from neutral solutions only};— b, those which give 
only a colored reaction {in add solutions) : ferricyanides 
(brown); — m neutral solutions only: acetic acid, sulphurous 
acid (red), and gallic acid (black), 

5. Acids which are precipitated hy a/rgentic nit/rate : — a, 
from neutral solutions (precipitate being soluble in dilute 
nitric acid) : pliosphoric, pyro- and metaphoaphorie, arsenious, 
arsenic, chromic, oxalic, boric, tartaric, citric, sulphurous, and 
formic acids ; — b, from acid solutions also (the precipitate 
being insoluble in dilute nitric acid) : hydrochloric, hydro- 
bromic, hydroiodio, hydrocyanic, iodic, hydros ulphuric acids, 
and ferro- and ferricyanides. 
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6. Adds which decolorise m,dAgo solution ; free chlorine 
and bromine, and their oxygen acids, when free ; fi-ee nitric 
acid, if not too dilute, and alkaline sulphides. On the addition 
of sulphuric or hydrochloric acids, and heating, indigo-solution 
is also discolored ■ by all chlorates, bromates, iodatea, and ni- 
trates, and, on addition of hydrochloric acid and heating, be- 
sides all the foregoing acids, also by chromates, permanganates, 
and all peroxides. 

Hereupon the following mode of investigation for the most 
common acids is based : 

Add to a part of the solution barium chloride, or, if silver, 
lead, or mercurous salts are present, barium nitrate ; an ensu- 
ing precipitate, insoluble on the addition of hydrochloric or 
nitric acid, indicates sulphuric add j if the precipitate be 
partly or entirely dissolved, the acids of arsenic, or phosphoric, 
boric, chromic, oxalic, or tartaric acid, may be present : in this 
case part of the original solution is over-saturated with ammo- 
nium hydrate, and is tested with ammoniated magnesium 
sulphate, and wanned; the occurrence of a white crystalline 
precipitate indicates phosphoric or arsenic acid ; the latter 
one has already been indicated in the preliminary examination, 
and its presence may be confirmed, by fusing part of the origi- 
nal substance, or the residue of the evaporated solution, on 
charcoal with potassium cyanide. 

If arsenic acid is found to be present in the solution, it has 
to be removed by reduction with sulphurous acid and by sub- 
sequent precipitation with hydrosulphnric acid. Then phos- 
phoric acid may be recognized in the filtrate by the addition 
of ammoniated magnesium sulphate, and by redissolving the 
resulting precipitate in nitric acid and re-preeipitation by ar- 
gentic nitrate, which, when phosphoric acid is present, will 
give a yellow precipitate. 

Boric acid is detected in the substance by its property of 
imparting a green color to the alcohol-flame, and by its reaction 
wiih turmeric-paper. When the solution of the original sub- 
stance was yellow or red, and the precipitate with barium was 
also yellow, chromic acid may be present ; in this case, the 
chromic acid has to be reduced to chromium oxide by alcohol 
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and hydrocMorie aeid, and may then be recognized, as stated 
in the examination for bases {page 43), 

Tartaric and citric acids have been already indicated in 
the preliminary examination. Oxalic acid is detected in neu- 
tral solutions by calcium sulphate, the white calcium oxalate 
being insoluble in acetic acid. 

Part of the solution, prepared or acidulated with nitrie 
acid, is precipitated with arf^entic nitrate ; an ensuing precipi- 
tate, insoluble in nitric acid, would indicate hydrochloric or 
iiydrocyanic acids, iodine, bromine, and ferro- and feri'icyan- 




ides. Hydrocyanic acid, besides being already indicated in 
the preliminary examination, may be detected by its reaction 
with ferrous and ferric salts. If the silver precipitate be yel- 
lowish, and insoluble in ammonium hydrate, it indicates 
iodine: in this case the original substance, on bei«g heated in 
strong sulphuric acid, emits the vapor and odor of iodine. If 
the precipitate be curdy, and soluble in ammonium hydrate, 
it indicates, if no cyanogen compounds be present, hydro- 
chloric acid: if this be the ease, the cyanogen has to be de- 
stroyed by fusing the substance with a mixture of sodium car- 
bonate and nitrate ; the residue is extracted with water, and the 
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filtered solution, acidulated with nitric acid, is then tested 
with argentic nitrate. 

Nitric and chloric acids have already been detected in the 
course of the preliminary examination. The former may also he 
recognized by mixing the solution in a test-tube with an equal 
bulk of concentrated solution of ferrous sulphate, and pouring 
the mixture carefully Upon concentrated sulphuric acid, so that 
the fluids do not mix (Fig. 13). . If nitric acid be present, the 
line of contact between the two fluids will show a dark red- 
brown coloration. Chloric acid will he detected by the evo- 
lution of chlorine, when the original substance is warmed in 
strong sulphuric acid. 

This brief outline of a systematic course of analysis is ne- 
cessarily open to modification in its details ; such will be desig- 
nated in many cases by the results of the preliminary examina- 
tion. As has already been stated, the search for the acids is 
especially more or less dependent upon the results of the pre- 
vious examination, and the substances found. 

Complex substances, and those which resist the common 
solvents, have to be dealt with by special processes in order to 
transform their constituents into soluble compounds, as stated 
on page 38, or by methods better adapted to their natui'c. 
Thus, insoluble compounds of tlie heavy metals may be decom- 
posed by digestion with ammonium sulphydrate ; sulphates of 
strontium and calcium, by digestion with sodium carbonate ; 
in both cases, the filtrate contains the acid, together with an 
excess of the decomposing agent, while the metal is found in 
the residue. Insoluble salts of organic acids are decomposed 
by boiling with an alkaline carbonate: iron salts containing 
volatile organic acids, by digestion with ammonium hydrate ; 
in both cases, the filtrate contains an alkaline salt of the acid. 
Sulphides, and all the lower oxygen acids of -sulphur, yield sul- 
phuric acid when digested with nitric acid, or any correspond- 
ing oxidizing agent. 
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Oxides precipitated by HYDROSULPHURIC ACID from 

Aald Solvfione : Alkaline Soluiioris : 

asSflpTiidea: as Sulplildea : as Oa^bydraiea ; 

Aa Sb Sn Au Pt Ilg Bi Fe Mn Co Ni Za. Al Or. 

Ag Oa Pb Cd. 



Sulphides soluble in 

SUrieAetd: AquaReijia: Ammortitim Sal^hyarala: 

PbS BiS OuS AgS HgS CoS H"iS. AsB SbS SnS 

OdS FeS MnS Zn8. AuS PtS. 





Oxides precipitated 


by 




nydroOdoHs Aeia 


SiilpMirlcAcid: 






PbAg 


Pb Hg,0 




Pe Oo H-i Mn 


Hg=0. 


Sb,0= SaO, 
BaOa. 




Zji Al Or. 



Bi OniO HgsO SqO Sb^O,. 



Oxides soluble in 

PotaatKni Endrate: Ammoaiaia. Bydmtt! 

Pb SbiOs Sn O, Zn Al Or. A^ Od Oa Zn Oo Ni. 

Be-preeipilitleilhg bailing: 
ZuOr. 
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The quantitative estiination of a number of jnedicinal 
chemicals and tlieir preparatioi^ has been much simpliiied in 
practice bj the volumetric method of ehemieal examination, 
which is based upon the fact that chemical substances combine 
in definite and equivalent proportions, and consists in not- 
ing the volume of a test-solution of known strength, required 
to produce by chemical reaction a certain visible eifect when 
added to a known quantity of the substance under examination. 
On obtaining this effect, the quantity of the reagent being as- 
certained, and that of the substance being already knovrn, an 
accurate estimate may readily be made by equation and simple 
calculation. 

By the aid of this simple and rapid mode of examination, 
the proportion of the constituents of chemical compounds and 
their preparations may be at once quantitatively estimated. 
In the following part of this volume, in treating of all those 
chemicals and preparations in which quantitative determinar 
tion of the principal constituents is required,-and to whicli tlie 
volumetric mode of examination is best suited, either alone or 
as a eonfirmatorj' test, reference has been made to these pages, 
in vrhich is stated the quantity of the volumetric test-solution 
requisite to produce, with a definite weight of the substance 
under examination, corresponding to its molecular weight, the 
exact reaction indicative of its officinal strength. 



by Google 



VOLUMETRIC ANALYSIS. 



51 



Volumetric determiuations are principally based, either 
upon Saturation, in which the quantity of a base or an 
acid 19 measured by the quantity of acid or base which is 
necessary to convert it into a neutral salt; or, upon Oxi- 
dation and Reduction, in which the quantity of the substance 
to be determined is found by the quantity of chlorine, iodine, 
or oxygon, to which it is equivalent as an oxidant, or which it 
requires to pass from a lower to a higher stage of oxidation ; 
or, upon Precipitation, in which ease tho quantity of the sub- 




stance to be determined ia derived from that of the reagent 
required to separate it in an insoluble state. 

The quantities of the substances to be assayed volumetri- 
cally are submitted to examination by weight, gen^erally coin- 
cident with their molecular weight, and are expressed either in 
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grains, or, as is now generally preferred, in grammes ; * those 
of the teBt-solutioQB by measure in cubic centimetres.f 




" Odc gramme is equal to 15.4340 grains of Troy-weight. 

Although in this work, as previously mentioned, the Hme-honoced apothecary's 
weight has been employed, for all Htatements of quantities by weight, aa still being 
in general use in pharmaceutioil prnotiue in the United Slates Great Britain, and 
its colonies, yet the metric system of wdghti and measures hM been prefened for 
volumetric analysis for the above reason, and because the matmments for volunie 
trie analysis are generally constructed with metnc divisions It is 
obvious, however, that grain weights and corresponding propoitioni 
of measnres can readily be employed instead of metric units 

f A cubio centimetre (Fig. 14) Is the volume oecupiol by on 
gramme of distilled water at its point of greatest dtn^if v 4° C mttnc 
5, however, arc unirovmly taken at 15 B5 C 1 60° F ) 
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The apparatus required for volumetric analysis consists, be- 
sides the common utensils, as beakers, funnels, porcelain-cap- 
sules, crucibles, stirring-rods, balances, etc., of one or several 








htreflafekt, for the preparation of the test-solutions (Fig. 15); 
these, when filled to a mark on the neck, have mostly a capa- 
city of 1,000 cubic centimetres (1 litre) of distilled water; 
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some cylindrical graduated litre-jars (Figs. 16 and 17), divided 
into 100 or 1,000 centimetre-part b, and used for the preparation 
of test-eolutiona as well as for the admixture of parts of a litre ; 
and one or several graduated tubes for the delivery and measure- 




ment of the test-Bolution'* , pipettes and burettes. The former 
are provided eithei with a single maik upon the narrow neck, 
or are graduated into i number of cubic centimetres or parts 
thereof. In using pipettes, the} aie filled by sucking and then 
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closed above witli the forefinger of the right hand (Fig. 18); 
tlie delivery is effected by a more or less gentle displacement of 
the finger. Barettes are preferable for delivery and measure- 
ment, and are now most generally employed ; they hold to a 
certain mark 100 or less 
cubic centimetres, and are 
divided into a correspond- 
ing number of equal parts. 

There are three kinds of 
burettes in nse, which difier 
mainly in their construction 
for delivery : Gay Lussac's 
burette, Geisler'a burette, 
and Mohr's burette. 

Of these, Mohr's burette 
is now in general use ; it 
consists of a graduated glass 
tube, of about half an inch 
inside width, and about 30 
inches in length ; to its con- 
tracted lower extremity is 
fitted (Fig. 22) a small piece 
of caontchouc tube ; into the 
other end of which a small 
piece of narrow glass tube, 
about 1 inch long, is tight- 
ly inserted. A strong wire 
clamp (Fig. 23) closes the 
rubber tube so that the fluid 
can only pass through, ei- 
ther in a stream or drop by 
drop, when the knobs of the 
clamp are pressed. Since 
the correctness of the test depends upon the accurate read- 
ing of the iieight of the test-solution in the burette, a small 
hollow glass float is employed for this purpose (Fig. 2i) ; it is 
of such a width that it can move freely in the tube without 
undue friction, and of such a weight that it sinks to more 
than half its length into the test-liquid. A line is scratched 
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aroTiiid the centre of the float, serving to mark the height 
of the fluid in the burette. 

Burettes are conveniently kept for ready use on a revolving 
etative (Fig. 25). 

The testa are made by first filling the burette with the test- 
solution to exactly such height that the mark on the fioat is 
coincident with the on the scale of the tube. The solu- 
tion or mixture to be tested is placed in a beaker-glass under 
the burette (Fig. 31), and then so much of the test-solution is 
gradually and carefully delivered into the beaker, with gen- 




tle stirring with a glass rod, as to aceoniph li 
the reaction indicative of the completion ot 
the operation. 

A smaller number of cubic centimetres of 
the test-solution than 100, and a correspond 
ing amount of suhstance to he tested, may be 
employed in any case, and the calculation fm ^ 

made accordingly. In this case smaller and 
more convenient burettes, holding only 50 c. c, may be t 
ployed. 



ANALYSIS BY SATDRATIOM. 
ESTIMATION OF ALKALIES, 

TesPSoliition of Oxalic Acid. 

Sixty-three grammes of pure crystallized oxalic acid are dis- 
solved in water ; the solution is filtered into a litre-fiask, and 
the filter washed with water until the exact volume of 1 litre, 
at about 16° C, is obtained. 

One hundred cubic centimetres of this solution contain one- 
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twentieth of the molecular weight, in grammes, of oxalic acid, 
and are, therefore, capable of neutralizing one-twentieth of the 




molecular weight in grammes of bivalent bases, or ealts con- 
taining 3 atoms of univalent metals, or one-tenth of the molec- 
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ular weight in granimes of salts containing one atom of univa- 
lent bases. 

This test solution is applied for the estimation of the alkaline 
hydrates, carbonates, acetates, tartrates, citrates, and borates: 
100 cubic centimetres of the solution will exactly neutralize, 
if of officinal strength : 

B.61 grammes of Potassii Hydras (2 oz. aq.)- 

4.00 " Sodii Hydras (3 oz. aq.). 

98.00 " Liquor Potasste, spec, grav,, 1.065. 

6.54 " Aqua Ammonite fortior, IT. S. P., 

sppc. grav., 0.600 (2 oz. aq.). 

17.00 " Aqua AinmouiEe, tT. 8. P., spec, gray., 

0.960 (1 oz. aq.). 

6.01 " Potaasii Oarbonas pura (3 oz. aq.). 
8.S0 " Potaaaii Oarbonas depurata {2 oz. aq.). 

14.30 " Sodii Oarbonas crjstallisata {3 oz, aq.). 

5.80 " Ammonii Oarbonas (3 oz. aq.). 

10.01 " Potasaii Bicarbonas crjstaJlisata (8 oz. aq.), 
8.40 " Sodii Bicarbonas (4 oz. aq.). 

13.10 " Sodii Biboraa (3 oz. aq.). 

11.30 " Potassii Tartras (8 oz. aq.). 

18.80 " Potassii Bitartras (3 oz. aq.). 

14,10 " Potassii et Sodii Tartras (3 oz. aq.). 

13.60 " Sodii Acetas crystallisata (3 oz. aq.), 

11.60 " Potasaii Acetas (2 oz. aq.). 

The Operation is conducted by weighing the above quantity 
of the substance, or the preparation to be estimated, placing it 
in a beaker, and, when required, dilating or dissolving it in 
the quantity of water stated in parentheses for each member 
of the above list. The tartrates and acetates have first to be 
completely reduced to carbonates, by ignition in a small cov- 
ered porcelain crucible. When the solution is ready for the 
test, one or a few drops of litmus-solution are added, so as to im- 
part to it a distinct bluish tint ; then the beaker is placed under 
the burette containing the test-solution (Fig. 26), and, with 
constant gentle stirring with a small glass rod, the test-solu- 
tion is delivered into the beaker, first in a stream, and, wlien ap- 
proaching the point of saturation, drop by drop, until the blue 
assumes a violet hue ; the solutions of carbonates have to be 
heated before approaching saturation, in order to expel the 
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carbonic-acid gas from the 
solution as nearly as possible, 
and thereby to lessen its reac 
tion upon litmus. 

These operations require 
care and skill in every point 
so as to avoid the slightest Ids'* 
of either of the liquids, and 
a consequent error in the re 
suit. 

When saturation is indi 
cated by the violet-reddish 
color of the liquid, the pro 
cess is complete, and the vol 
ume of test-acid emploj'cd ia 
read off. The number of cu- 
bic centiu)etres employed, leas 
than 100, indicates at once 
the percentage of impurities 
or of want of sti-ength. 

On the other hand, each 
cubic centimetre of the test-so- 
lution employed corresponds 
to one milligramme-molecule 
of hydrate or one-half milli- 
gram me-molecule of carbon- 
ate, i. e. : 




1 cubic centimetre c 



I'responda to 0.050 grnmmc Pota^sii TIydi'a=, 
" 0,069 " Potassii C.irbonas, 

" 0.040 " Sodii HjdrQa, 

" 0.053 " Soaii OarboEna 

(auliydrous), 



and a simple equation gives the amount of alkaline hydrate or 
carbonate present. By operating on 100 times the half-milli- 
gramme-molecule, i. e., 6,9 grammes of potaasiuni carbonate or 
5.S grammes ot eodium carbonate, all calculation is dispensed 
■with ; for, as this amount, if present, -would require 100 cubic 
centimetres of oxalic-acid test- solution for its saturation, the 
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numter of cubic centimetres actually required, at once indi- 
cates the percentage of alkaline carbonate. 

When, in estimating alkaline carbonates, the amount of 
carbonic acid, namely, the percentage of real carbonate, has 
to be determined, the following mode is simple and accurate : 
Two Biiiall, lig[it glass flasks with twice-perforated rabber- 
corbs, are connected with a twice-bent tube e (Fig- 27} ; the 
flask A is provided with the tnbe a reaching to the bottom of the 
flask, and closed at its outer end 
M itli a globule of soft was ; that 
of B is provided with the short 
tube d. Fifty grains of the car- 
bonate under examination are 
weighed, and introduced into the 
fliak A, together with a little wa- 
ter ; the flask B is half filled with 
concentrated sulphuric acid; the 
apparatus is then tightly fitted, 
tnd weighed. A small quantity 
of air is now sucked out of flask B 
by means of ttie tube d, whereby 
the air in A is likewise rarefied. On allowing the air to return, a 
quantity of the sulphuric acid ascends to the tube c, and flows 
over into flask A, causing a disengagement of carbonic-acid 
gas, which escapes through the tube d, after having been dried 
by passing tlirougli the acid in B. This operation is repeated 
until the whole of the carbonate is decomposed, and the pro- 
cess is terminated by opening the wax stopper, and drawing 
some air through the apparatus by sucking on tube d. The 
apparatus is tlien reweighed, and the diff'erenee of the two 
weighings expresses the quantity of carbonic acid in the 50 
grains of carbonate under examination. 




ESTUaATION OF ACIDS. 



One hundred cubic centimetres of the test-solution of oxalic 
acid are placed in a beaker with a little neutral litmus-solution, 
the measure rinsed out, and the washings poured into the beak- 



by Google 



VOLUMETRIC ANALYSIS. 61 

er. Tliei) a etroiig Bolution of sodium hydrate is allowed to 
flow into the oxalie-acid solution until exact neutralization en- 
sues ; the quantity of the soda-solution is noted, and, to every 
similar quantity of tlie whole bulk of the sodium-hydrate solu- 
tion, water is added until the whole measures 100 volume- parts. 
If, for instance, 93 cubic centimetres of soda-solution have 
■ neutralized the 100 cubic centimetres of acid, then, 7 cubic 
centimetres of water must be added to 93 cubic centimetres of 
the soda-solution, or TO to 930 to make a litre. Simple pro- 
portion will show to what extent any other quantity is to be 
diluted. 

One hundred cubic centimetres of this test-solution of so- 
dium hydrate contain one-tenth of the molecular weight (= 4) 
of sodium hydrate taken in grammes, and will neutralize an 
equal quantity of an acid. 

This test-solution is employed for the estimation of the fol- 
lowing medicinal acids : 

One hundred cubic centimetres of the solution will neutral- 
ize, if of officinal strength ; 

16.70 grammea of Aoidum acetioum, V. 8. P., speo. grav., 1.04T. 
140.58 " Acidum aceticum dilutum, U. S. P., l.OOii. 

f.OO " Acidam oitvioum. 

11.48 " Aoidum hydrochloricum, U. 8. P., Spec, grar., 

1.160. , 
4T.77 " Aoidam hydro chloricum dilntnrn, IT. S. P., Speo, 

9.00 " Aoidum nitricnm, TJ. S. P., Spec, grav., 1.430. 

64.33 " Acidnm nitricum dilutum, TJ. 8. P., Speo, grav., 

1.068, , 
S.OG " Acidum aulplmrioum, TJ. S. P., Speo. gray., 1M3. 

37.18 " Acidiini sulphurieum dilutum, TJ. S. P., speo. gray., 

1.092. 
7.50 " Aoidum tartaricum. 

The concentrated acids are to be diluted witlT four or five 
times their volume of water, and the solid ones to be dissolved 
in about eight times their weight of water before being tested. 
To indicate saturation, and the consequent termination of the 
test, litmiis-solution is used, as before ; and the mode of operar 
tion is similar to that desci-ihed on page 58, The number of 
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cubic centimetres employed for saturation, less than 100, indi- 
cates at once tlie percentage of impurities or want of strength. 



ANALYSIS BY PRECIPITATION. 

> BY AKGIMTIC 

TesUSolution of ArgenUc Witrate. 

Seventeen grammes of pui-e erjstalliaed argentic nitrate are 
dissolved in water ; the solution is filtered into a litre-flask, and 
the filter washed with so much water as to mate up the exact 
volume of one litre. 

One hundred cubic centimetres of this solution contain one 
one-hundredth of the molecular weight, in grammes, of argentic 
nitrate, and will decompose an equivalent quantity of a salt of 
any base which yields silver compounds insoluble in water. 

This test-solution is employed for the estimation of the fol- 
lowing officinal preparations, and 100 cubic centimetres of it 
will require, for complete decomposition of the argentic nitrate : 

27.00 gi'ammes of Aoiduni hydracjanioum dilutum, U. S, P. 
1.19 " PotaBsii Bromid\im. 

1,63 " fotnasii lodidum. 

l.GO " Sodii lodidum. 

In testing hydrocyanic acid, it is, before delivering the test- 
solution into it, slightly over-saturated with a solution of potas- 
sium hydrate. The test-solution is then added, until, after con- 
stant stirring, a slight permanent turbidity remains. The 
quantity of argentic nitrate employed represents exactly half 
the amount of hydrocyanic acid present, and has therefore to 
be doubled in order to indicate the correct p&rcentage. 

The bromides and iodides are dissolved in one ounce of 
water, and the test-solution is added until, after agitation of 
the liquid and subsidence of the precipitate, a drop of the test- 
solution ceases to cause further precipitation. The quantity of 
argentic nitrate employed represents an equivalent amount of 
the bromide or iodide. 
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AlfALYSIS BY OXIDATION. 

Test-Solution of lodivie. 



12.7 grammes of pure iodine, and 18 grammes of pot^sium 
iodide, are dissolved in about 12 ounces of water ; the solution 
is filtered into a litre-flask, and the filter washed with so much 
water as to make up tho volume of one litre. 

One hundred cubic centimetres of this solution contain one 
one-hundredth of the atomic weight of free iodine in gi-ammes, 
and, if water be present, will cause the oxidation of one two-hun- 
dredth of the molecular weight of arsenioua acid in grammes, or 
one four-hundredth of the molecular weight of common white 
areenic in grammes, arsenic acid being produced. 

One hundred cubic centimeEres of this test-solution require 
for oxidation of the following officinal preparations : 

0,405 grammes of Aeidum Arsenioaum. 
68.80 " LicLTior Potassii Arsenitia, TT, S. P. 

3,48 ■ " Sodii Hyposulphis. 

The arsenious acid is dissolved, together with about 2 
gi'ammes of sodium bicarbonate, in 2 ounces of boiling water; 
when cool, a little mucilage of starch is added, and the test- 
solntion delivered into the arsenious solution until a pei-manent 
blue coloration ensues. 

The Liquor Potassii arsenitis is boiled, after adding about 
1^ grammes of sodium bicarbonate, and, when cool, is tested in 
like manner. 

The Sodium hyposulphite is dissolTcd in 2 ounces of water, 
and a little mucilage of starch added. 



ANALYSIS BY DEOXIDATION. 

Test-Soliition of Sodywm, Hyposulphite. 
Thirty grammes of sodium hyposulphite are dissolved in 
nearly one litre of water; the solution is allowed to flow from 
a burette into a beaker containing exactly 100 cubic centi- 
metres of the volumetric solution of iodine, until the brown 
color of the iodine just ceases — or, if a little mucilage of starch 
be added, until the blue iodide of starch is decolorized. Tho 
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number of cubic centimetres of tlie solution required is noted, 
and so much water is added to the bulk of the solution, that 
2.48 grammes of sodium hypoaulpliite are contained in every 
100 cubic centimetres. 

This test-solntion contains one one-hundredth of the molecu- 
lar weight of sodium hyposulphite in grammes, and will indi- 
cate the presence of one one-hundredth of the atomic weight 
of iodine in grammes, in any quantity of a liquid containing 
free iodine, or iodine liberated hy an equivalent quantity of 
free chlorine. 

100 cubic centimetres of this solution require for exact 
deoxidation : 

1.37 grammes of lodinum. 

5.43 fluid-drachma of Tinctura lodlai, TJ. S. P. 

54-58 grammes of Aqua Ohiovini, 

1.17 " Cals OMorinatfl. 

The iodine ia dissolved in about 3 ounces of water, together 
with 1.6 grammes of potassium iodide ; the test-solution is 
added until the brown color just disappears; or the solution is 
blued with a trace of mucilage of starch, and the test-solution 
added until the blue color disappears. 

The chlorine-water is mixed witban equal bulk of water in 
which about 1^ grammes of potassium iodide have been dis- 
solved. Mucilage of starch is also employed to indicate the 
termination of the test. 

The chlorinated lime is mixed with about 3 ounces of water, 
in which 3J- grammes of potassium iodide have been dissolved ; 
the mixture is subsequently acidulated with dilute hydrochloric 
acid, and a little mucilage of starch ia added before delivering 
the test-solution into it, which is done until the blue color .just 
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MEDICINAL CHEMICALS 

AND THEffi PREPARATIONS. 
ACETUBL 



ViNEQAE contains, on the average, from 4f to 6 per cent, 
of mono-hydrated acetic acid ; when of this strength, one fluid- 
ounce requires for saturation not less tlian 35 grains of crystal- 
jized potassium bicarbonate ; and 50 cubic centimetres of the 
volumetric test-solution of sodium hydrate will saturate 70.39 
grammes of vinegar, corresponding to 5 per cent, of anhydrous 
acetic acid, 

ExaminatioB : 

Mineral acids are indicated when about half an ounce of 
the vinegar is thoroughly mixed and boiled for five minutes 
with half a grain of starch ; when cool, one drop of solution of 
iodinized potassium iodide is added ; if any free mineral acid 
be present, it acts on the starch, transforming it into glucose, 
and consequently prevents the formation of blue iodine-starcli. 

Sulphuric and hydroohloria adds. A crude mode of detect- 
ing the presence of sulphuric acid in Tinegar consists in evapo- 
rating, by a gentle heat, a small portion of it after the addition 
of a few grains of cane-sugar, in a porcelain capsule, to the con- 
sistence of a thick syrup ; this will become almost black, if free 
sulphuric acid be present. 

Since the water and tlie materials used for the preparation 
of vinegar generally contain traces of sulphates and chlorides, 
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most vinegar yields a sliglit turbidity with barium and argentic 
nitrates. In order to ascertain the presence of either of these 
aeids in a free state, about half an ounce of the vinegar is dis- 
tilled from a small flask, the recipient being cooled in ice-water 




(Fig. 28); when about one diachra of distillate has been ob- 
tained, this is preseived toi eximmation for ildehyde ; another 
receiver is applied, and the distillation continued until almost the 
entire fluid lias distilled over and the scanty residne commence 
to become dry and dark. The distillate is then acidulated with 
a few drops of nitric acid, and tested with barium nitrate for 
sulphuric acid, and with argentic nitrate for hydrochloric acid. 

The presence of sulphuric acid may also be detected, or 
verified, by reducing about one ounce of the vinegar by evapo- 
ration, in a porcelain capsule, upon a water-bath, to the con- 
sistence of a thick syrup, which, when cool, is thoroughly mixed 
with about half a fluidounce of strong alcohol, and allowed 
to stand in a corked test-tube, with occasional agitation, for 
about an hour ; the flltrate is then mixed with about half an 
ounce of distilled water, is acidulated with a few drops of diluted 
,nitrie acid, and tested with a few drops of solution of barium 
nitrate ; an ensuing white precipitate, not disappearing on dilu- 
tion. with water, proves the presence of sulphuric acid. 

Sulphurous acids and sulphites may bo detected by a green- 
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ish coloration of the vinegar, -when abont two drachms of it are 
wai'med with one drop of solution of potaBsium bichromate. 

Nitrio add may be detected by adding one drop of neutral 
indigo solution to about half an onnee of the vinegar in a test- 
tube, and warming the mixture by dipping tlie tnbe into hot 
■water ; a discoloration of the bluish or bluish-gi'eenish tint of 
the liquid will indicate free nitric acid ; wlien the color remains, 
one or two drops of concentrated sulplinric acid are added while 
warm ; if discoloration takes place now, nitrates are-indicated, 

MetaUio impurities are detected by saturating the vinegar 
with hydrosulphuric-acid gas, and allowing the fluid to stand 
for a few hours ; an ensuing white turbidity would indicate tin 
or sulphurous acid ; a dark one lead and copper, which may be 
discriminated by collecting and washing the precipitate, ob- 
tained by a repetition of the test on a larger scale, upon a filter, 
and dissolving it in nitric acid ; the solution is examined in 
two portions, the one by over-saturation with ammonium hy- 
drate, the other by addition of one or two drops of diluted sul- 
phuric acid ; a blue coloration in the first instance indicates 
co2?per, a white precipitate, in the second one, lead. 

Aldehyde may be detected in the first portion of the distil- 
late obtained and preserved in the second test ; it must be void 
of alcoholic odor or taste, and must not become yellow or brown, 
when mixed and warmed with an equal bulk of strong solution 
of potassium hydrate ; such coloration would indicate aldehyde. 

Aorid vegetahle substances are detected by saturating a por- 
tion of the vinegar with magnesium carbonate, and by subse- 
qtient evaporation of the filtrate, at a gentle heat, to about one- 
third of its volume. Acrid vegetable substances may then be 
recognized by their odor and taste. 



aciditm: acetioum. 
Acetic Acid. 

Acetic-acid hydrate, or monohydratod acetic acid, contains 
one molecule (16 per cent.) of water, and forms, below 15° C, 
large, colorless, transparent crystals (glacial acetic acid), which. 
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above 16 to IS" C, faae to a thin, colorlesa liquid of a pungent 
odor and strong acid reaction, having a spec. grav. of 1.063 ; it 
boils at 120° (5., yielding very pungent and acid inflammable 
vapors. Acetic acid hydrate is miscible in all proportions with 
water, alcohol, and ether, and dissolves albumen, iibrin, cam- 
phor, and many resins, gum-reains, and essential oils ; diluted 
with water, it forms the commercial and medicinal acetic 
acids, which maintain the character of acetic acid as long aa 
the admixture of water does not exceed 18 to 19 per cent., 
beyond whieh dilution the acid loses more or less the charac- 
ter of a strong acid, and its solvent properties for the above- 
mentioned substances. 

Acetic acid is recognized, either free or combined, by yield- 
ding a deep-red color with solutions of ferric salts, and, when 
not too much diluted, by the odor of acetic ether, when heated 
with a mixture of equal parts of alcohol and concentrated sul- 
phuric acid. 

Two strengths of acetic acid areoffieinal: AeidumAceticum 
of tiie spec. grav. of 1.047 (1.044 British Pharmac, 1.064 Pharm. 
German,), and Acidum Aceticum dilutum of the spec, grav, of 
1.006 (1.040 Pharmac. German.). The strong acid of 1.047 
spec. grav. contains 28 per cent, of anhydrous, or 36 per cent, 
of monohydrated, acetic acid, and 100 parts of it require 60 
parts of crystallized potassium carbonate for saturation ; the 
diluted acid of 1.006 spec. grav. contains 3.63 per cent, of an- 
hydrous acid, and 100 parts of it saturate 7.6 parts of crystal- 
lized potassium bicarbonate. 

The strength of aqueous acetic acid cannot he correctly in- 
ferred from its speenfic gravity, since its density is increased to 
a certain extent by contraction, the spec. grav. of 1.0735 being 
the maximum density, below which it again decreases; for 
instance: a mixture of one molecule of monohydrated acetic 
acid with three molecules of water has the same specific gravity 
as a mixture of one molecule of the acid with nine molecules 
of water, namely, 1.0686. The strength of acetic acid may bo 
determined by observing the exact quantity of crystallized 
potassium bicarbonate required to saturate a known weight of 
the acid, and by subseqiient equation ; or by treating a known 
weight of the acid with an excess of barium carbonate, and by 
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calculatiag its strength from the amount of carbonate deeom- 
posed, wliich ia ascertained bj deducting the weight of the 
remaining nndissolved carbonate from the total amount used, 
and by dividing the remainder by 1.933 ; the quotient indicates 
at once tlie quantity of raonohjdrated acetic acid contained in 
that quantity of the acid. 

The readiest mode of ascertaining the strength of acetic 
acid, is the volumetric estimation with teet-solution of sodium 
hydrate (page 60). Sixty parts by weight (the molecular weight) 
of anhydrous acetic acid require for exact saturation 40 parts 
(the molecular weight) of sodium hydrate; since 1,000 cubic 
centimetres of the test-solution contain iO grammes of sodium 
hydrate, these saturate exactly 60 grammes of anhydrous acetic 
acid. TTpon this equation the calculation for the strength of 
acetic acid may be based : for instance, an acid, of wliich 182,0 
grammes saturate 1,000 cubic centimetres of test-solution, con- 
tains 33 per cent, of anhydrous acid; an acid, however, of 
which the same quantity is saturated by 930 cubic centimetres 
of the test-solution, contains, therefore, only 30,7 per cent, of 
anhydrous acid. 

In order to secure accurate results in the volumetric estima- 
tion of acetic acid, alkanet-tineture is preferably used as the 
indicator of saturation, since the alkaline acetates, though neu- 
tral in combination, have an alkaline reaction on litmus. ■ 



Empyreuma betrays itself by its odor ; small traces, how- 
ever, may be recognized by neutralizing a little of the acid with 
Liquor Potass^, and by tingeing it suleequently faintly with 
potassium permanganate, and by gently heating it. 

SulfhvHc and hydroohlorie acid may be detected by test- 
ing separate portions of the diluted acid with barium nitrate 
for the former, and with argentic nitrate for the latter. 

Svlphiirous add is indicated by a greenish coloration, when 
a little of the acid is heated with a few drop* of solution of 
potassium bichromate; it may also be recognized when a mix- 
ture of about one drachm of the acid with two drachms of 
diluted hydrochloric acid and two drachms of water, is poured 
upon a little pure granular zinc in a large test-tube, and the 
mouth of the tube is at once loosely closed with a bunch of 



by Google 



73 MANUAL or CnEMICAL ANALYSIS. 

cotton moistened with solution of plumbic acetate (Fig. 29); 
if sulphurous acid be present, the plumbic solution will become 
dark, or black. 

Mitrio aoid may be detected by discoloration when a little 
of the acid is tinged slightly blue with one drop, or part of a 
drop, of neutral indigo-solution and beated. 





MeialUc impiirities are detected by mixing the acid with 
about two or three times its bulk of bydrosulphuric acid, or, 
when diluted acid is under examinatiou, by saturating it with 
hydrosolphuric-acid gas, aiid allowing the liquid to stand 
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ill a corted t(«t-tube in a warm place for several bours ; an en- 
suing white precipitate would indicate tm or sine (if no sul- 
phurous acid be present, which also causes a white turbidity 
with the rej^ent), a black one lead or copjyer ; in the latter case, 
the precipitate may be collected and washed upon a filter, and 
then dissolved in a few drops of warm, strong nitric acid, and then 
diluted with a few drops of water ; this solution is tested in two 
separate portions, the one by over-saturation with ammonium 
hydrate, the other with one drop of dilute solution of sodium 
sulphate ; a blue coloration in the first test would indicate eop- 
per, and a wliite precipitate, in the second one, lead. 



ACIDUM AESEHIOSTJM, 
ACIDUM AESENICOSUM. ARSENICUM ALBTJM. 
Arsenious Acid. White Areenic. 

Arsenious acid occurs in two polymeric crystalline forms, 
and in the amorphous state; the latter one being the commer- 
cial wliite arsenic. When freshly prepared, it forms heavy, 
transparent, glassy cakes, with smooth eonchoidal tracture, and 
has a spec. grav. of 3.738 ; this becomes gradually opaque and 
porcelain -like by passing into the crystalline state, wliich 
change proceeds from the surface toward the inside ; at the 
same time its density is slightly diminished (3.689), and its 
solubility in water increased. In consequence of the simulta- 
neous occurrence of the amorphous and the crystalline modiii- 
cations, and the difference In their solubility, the statements of 
the solubility of arsenions acid in water are slightly at variance. 
The amorphous glassy, and the commercial powdered, acid is 
soluble in 10 to 12 parts of boiling, and 30 partsof cold, water; 
it is almost insoluble in alcohol and insoluble in ether, hut 
freely soluble in the alkaline hydrates and in Varm diluted 
acids, especially in hydrochloric and tartaric acids, from which 
latter solutions it deposits, on cooling, in small transparent 
octahedral crystals. 

Arsenious acid volatilizes at about 218° 0. without fusion, 
forming a colorless, inodorous vapor wliich solidifies, on cool- 
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iiig, in small transparent and brilliant oetaliedrons ; but when 
heated, in contact with redueing-agents, such as potassium 
cyanide, organic substances, and carbon, the acid is reduced to 
metallic arsenic, which sublimes and deposits in a brilliant me- 
tallic ernst when the reduction is carried on in a glass tube 
(Fig. 30), emitting, at the same time, a peculiar and character- 
istic odor, somewhaf similar to garlic. 




The aqueous solution of ai'senious acid has a feeble acid re- 
action on litmus ; it yields a wliite precipitate with lime-water, 
a yellow one with hydrosulphuric acid, soluble in aqua ammo- 
nise ; argentic nitrate and cuprie sulphate produce only a tur- 
bidity in solutions of ai'senious acid ; upon. the addition of an 
alkali, however, a yellow precipitate is fonned witli the former 
reagent, and a brilliant green one with the latter, both precipi- 
tates being soluble, in excess of ammonia, and tlie argentic one 
also in nitric acid. 

Solution of arscniouB acid, when mixed. with either hydro- 
chloric or sulphuric acid, and the mixture allowed to act on 
metallic zinc or magnesium, gives rise to the formation of hy- 
drogen arsenide simultaneously with the formation of hydrogen 
sulphide, which has an alliaceous odor, and bums with a bluish- 
white flame, depositing a brilliant black spot on cold surfaces 
held in the jet [Marshes test). When solution of arsenious 
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acid is mixed witli an excess of coneontrjited hydrochloric acid, 
and a piece of bright copper-foil immersed and boiled, it depos- 
its the reduced arsenic upon the copper, coating it with a dark- 
gray metallic film (Seinsoh's test) ; when the same test is made, 
taking tin-foil (real), or stannous chloride, instead of copper, 
the tin becomes equally coated with arsenic, and, at the same 
time, a voluminous brown deposit is formed {Beiiendorf's 
test). 

Examination of Powdered White Arsenic : 

Mineral admixtures are recognized and left behind when a 
little of the white arsenic is either volatilized at a red heat, or 
dissolved in an excess of boiling liquor potasste or hydrochloric 
acid. When an insoluble residue is left from either of these 
solutions, it is washed, and, when dry, is mixed and fused in a 
porcelain crucible with four times its weight of a mixture of 
equal parts of exsiccated carbonates of sodium and potassium; 
the obtained fused mass is triturated and boiled with a suiH- 
cient quantity of water, and the filtered solution tested with 
barium nitrate for sulphates (calcium and barium sulphates). 
The residue on the filter is washed and treated with warm di- 
luted hydrochloric acid, and the iiltrate subsequently tested 
with sodium sulphate for ho/rium, and, in another portion, 
nearly neutralized with aqua ammonije, with ammonium oxa- 
late for caloium. 

One liundred grains of arsenious acid, when dissolved in 
boiling diluted hydrochloric acid, yield, upon complete precipi- 
tation with hydroanlphurie acid, a precipitate of arsenious sul- 
phide, which, when collected upon a tared filter, washed, and 
dried, should weigh 124 grains. 



ACICTJH BENZOICUm. 

ACIDUM EENZOICDM SUBLIMATUM. FLOKES EENZOES. 

Benzoic Acid. 

Colorless, soft:, feathery needles, of a silhy lustre, inodorous 

when cold and pure, but of a faint smell when gently warmed. 

The agreeable aromatic odor of the officinal benzoic acid is due 
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to traces of essential oil. When derived from solutions, ben- 
zoic acid forms colorless, pearly needles or laminse of six-sided 
prisms. When warmed, the acid begins to volatilize below 
100° 0. ; melts at 121° 0,, forming a colorless liquid, which, on 
cooling, solidifies ; at 145" C. it evaporates freely, and at near 
240° C. it boils, -without decomposition, emitting an acrid, irri- 
tating vapor, which readily inflames, burning away without 
residue. 

Benzoic acid is soluble in about 200 parts of cold, and 25 
parts of boiling, water, in 10 parts of glycerin, and freely in 
alcohol, ether, oil of turpentine, and many essential and fatty 
oils, and also in solutions of the alkaline hydrates. Concen- 
trated nitric and sulphuric acids dissolve benzoic acid more or 
less without decomposition ; on addition of water it is precipi- 
tated unaltered. A concentrated solution of benzoic acid in 
aqua ammoniffi, in which the ammonium hydrate is nearly 
neutralized, gives, on addition of a few drops of solution of a 
ferric salt, a copious reddish-yellow precipitate of ferric ben- 
zoate, which, on addition of hydrochloric acid, disappeai's, 
while the benzoic acid is precipitated, redissolving on addition 
of ether or alcohol. 

Zxamioatioii : 

Mippuria acid, as is well known, Is resolved by the action 
of hydrochloric acid, and other agents, into benzoic acid and 
glycoeine, and much benzoic acid is obtained from this source. 
Such acid, however, differs in some of its chemical properties 
from the benzoic acid derived from the benzoic resin, especially 
in the degree of solubility of its salts in water and alcohol, and 
in its deportment with potassium permanganate ; this differ- 
ence extends veiy likely also to their physiological and thera- 
peutical action, and the acid derived from hippuric acid cannot 
yet be considered as admissible for medicinal use. 

Hippuric acid may be distinguished fi<om, or recognized in, 
benzoic acid, by heating in a teet-tuhe a mixture of about 20 
grains of the acid ivith 50 grains of dry potassium hydrate, and 
about 50 drops of water ; if hippuric acid is present, it will be 
indicated by a faint odor of ammonia, and by white vapors 
with a glass rod moistened with acetic acid and held over the 
orilicc of the test-tubs, as well as by blackening a strip of un- 
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sized paper moistened with eoliition of mereurous nitrate, and 
held in the mouth of the test-tube. 

Hippuric acid, and the benzoic acid derived thereJrom, 
may be distinguished from, or recognized in, true benzoic acid 
by agitating about 6 grains of the acid with i fluid-drachma of 
water, in a test-tube, and by adding so much aoiution of po- 
taesium permanganate as to tinge the inixtm-e deep violet ; it 
is then heated to from 50° to 60° C, by dipping the tube into 
water of that temperature ; the violet color will remain for at 
least five minutes with true benzoic acid, while it will become 
distinctly red within that time with hippuric acid, or benzoic 
acid derived therefrom. 

An additional test may be made by tingoing a solution of 5 
grains of the acid, in 3 fluid-drachma of liquor potassaa, deep vio- 
let with solution of potassium 'permanganate, and by boiling 
this solution for a few minutes; the solution of true benzoic 
acid becomes green ; that of hippnric-benzoic acid, yellow, or 
even colorless, with the separation of brown manganic oxide. 

Oinnamomio acid may be detected by the odor of oil of 
bitter almonds, when a mixture of the acid with potassium bi- 
chromate and strong sulpliuric acid, or of a concentrated aque- 
ous solution of the acid, is heated with potassium permangan- 
ate. 

Sugar is indicated by the odor of caramel, and by intumes- 
cence, when a few grains of the acid are gradually heated in an 
iron spoon. 

Mineral substances, not readily volatilizable or soluble in 
alcohol, may at once be detected by a residue left on volatiliza- 
tion, as well as upon solution of the acid in alcohol. If any 
fixed residue is left, it may be dissolved in warm water acidu- 
lated with nitric acid, and tested with barium nitrate for sul- 
phates, and with argentic nitrate for chlorides and phosphates. 

Sorio aoid may be recognized by the green coloration of 
the flame of burning alcohol, previously saturated with the 
acid. 
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ACIDUU BORACIOUTS, 

ACIDUM BORICUM. 
Saraeie Aeid. Borio Acid. 

Colorless, translucent, pearly, six-sided scales, soiiiewliat 
unctuous to the touch. They contain 3 molecules (42.16 per 
cent.) of water, two of which are water of crystallization ; when 
heated upon platinum-tbi!, the latter is readily evaporated, while 
the other molecule does not part unless heated to redness, when 
the anhydrous aeid melts, forming a glassy, transparent fuse, 
which is a solvent for most metallie oxides, and which solidilieB 
to a tissured glass on cooling. 

Eoracic acid is soluble in 26 parts of cold, and in 3 parts of 
boiSing, water, which solution has but little taste and feebly 
affects blue litmus-paper, while it renders turmeric-paper red- 
dish brown, quite different from the color produced by alkalies, 
and becoming more distinct after drying. The acid is also 
soluble in alcohol, and the solution burns with' a green-edged 
flame, 

Examinatiou : 

About 10 grains of the crystals of boi-ic acid are added to 1 
drachm of water in a test-tube, and heated ; a clear and com- 
plete solution must take place, and, when part of the hot solu- 
tion is dropped into alcohol, no turbidity or precipitate must 
ensue ; otherwise the presence of admixtures insoluble or less 
soluble in water or alcohol is indicated. 

OMorides and sulphates are detected in the aqueous solu- 
tion acidulated with nitric acid, by ai'gentie nitrate and barium 
nitrate respectively. 



ACIDUSI CARBOLICUKr 

ACIDUM PHBNYLICUM. 
Carbolic Aeid, or Phewijlie Acid. Phenol. Phmiic Alcohol. 

Pure carbolic acid forms, at temperatures below 41° C, 
rhomboidal needles or crystalline masses consisting of such ; 
when not quite pure, they become frequently more or less red- 
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disli ; at temperatures above 41° C, pure earlaolic acid forms an 
oily, colorless liquid, wliich boils at about 182° C. ; ita spec, 
grav. is 1,060 to 1.065 ; it absorbs nioisture on exposure to the 
air, autl gradually deliquesces; it dissolves about one-tenth of 
its weight of water, and then remains liquid far below its melt- 
ing-point- 
Pure carbolic acid dissolves to some extent in water,* and 
is freely raiseible with alcohol, ether, chloroform, glycerin, acet^ 
ic acid, and the volatile and fatty oils; ita aqueous solution 
does not react upon test-paper, coagulates albumen and collo- 
dion, and assumes a violet-blue color upon the addition of a 
few drops of a dilute solution of neutral ferric chloride. 

Carbolic acid is miscible with concentrated sulphuj-ic acid, 
with a slight evolution of heat, without apparent change; it 
yields a more or less violent reaction with concentrated nitric 
acid, and with chlorine and bromine ; it is also soluble in the 
aikaline hydrates, and combines with them, and with other 
salifiable bases, forming neutral salts, which, however, niiun- 
tain the alhaline reaction, and are decomposed by all acids. 

The pure commercial carbolic acid contains mostly a slight 
quantity of cresol, and perhaps of other homologous aromatic 
alcohols, whicli do not modify tiie principal properties of pure 
phenol, except that they lower its melting-point, and apparently 
decrease its solubility in water, which may also be influenced 
with pure phenol by a slight quantity of water. 



The quality of carbolic acid is sufficiently recognized by the 
above characteristics, by its odor, and by its appearance ; in 
order to detect admixtures, the fused acid may be tested by 
mixing it with twice its.volume of liquor potassfe, and warming 
the mixture by immersing the test-tube in boiling water; a 
complete solution should take place, which, when cold, should 
remain limpid, and not separate any oily liquid upon dilution 
with three times its bulk of water. 

• The United States Pharmacopeia states that carbolic asid is soluble in from 20 
to S3 ports of ivKter, the purest being the most soluble. The Phariiiaeop(ea Gee- 
manica states the propoition of solubility as 1 pact of the acid to from 60 to 60 
paits of water. 
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ACIDTTH CHBOMICUm. 

Ohromic Acid, 

Brilliant erImBon-red aeioular crystals or crystalline u 
of an acid, metallic taste ; very deliquescent, and therefore fre- 
quently of a liuuiid appearance. At a heat hetween 180° and 
190° C, they melt into a reddish-trown liquid, which, on cool- 
ing, forma a red, opaque, and brittle mass. 

Cliromie acid is freely soluble in water and alcohol, forming 
orange-yellow solutions. It is a powerful oxidizing agent, and 
decomposes organic matters. 

Wlien its aqueous solution is heated, after the addition of a 
few drops of hydrochloric acid and a few drops of alcohol, the 
orange-red color of the liquid becomes yellowish green, with 
the evolution of ethereal vapors. "When dissolved in an aque- 
ous solution of sulphurous acid, it forms immediately a green 
solution. 

Sxaniination : 

SuT^h-wrio acid may he detected by boiling a diluted solu- 
tion of the acid, to which a few drops of hydrochloric acid and 
a little alcohol have been added, until the liquid appears green. 
Part of it is then tested with barium nitrate; an ensuiiig white 
precipitate would indicate sulplmrie acid. 

Potassium, hiGhromate may be detected in the rest of the 
green solution, by evaporating it, in a porcelain capsule, nearly 
to dryness, and by subsequent solution of the residue in a few 
drops of water ; the filtered solution is tested with sodium bi- 
tartrate; an ensuing white crystalline precipitate would indi- 
cate potaBsium. 



ACISUm CITRICUM. 

Citrie Acid. 



Colorless rhomboidal prisms with dihedral summits, perma- 
nent in tiie.air, but slightly eiHorescent in a dry and warm 
atmospbere, and becoming moist in a damp one. Exposed to 
a strong heat, the acid fuses, and is wholly dissipated, with the 
evolution of empyreumatic vapors. 
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Citric acid dissolves in three-fourths of its weight of cold, 
and in half its weight of boiling, water, and is also soluble in 
alcohol, forming sour solutions of an acid reaction ; the aque- 
ous solution, when exposed to tlie air, is subject to gradual and 
spontaneous change ; it forms no precipitate with potassium 
salts (except the tartrates), and, when sparingly added to lime- 
water, so that the alkaline reaction still remains prevalent, 
it does not render it turbid (distinction from oxalic, tartaric, 
and raeeniic acids) ; when, however, the liquid is warmed and 
agitated, it becomea turbid, but transparent agaiu upon aool- 
ing. 

Sixty grains of citric acid neutralize 70.41 grains of potas- 
sium carbonate, 85.71 grains of potassium bicarbonate, 120,24 
grains of crystallized sodium carbonate, 72 grains of sodium 
bicarbonate, and 40.92 grains of magnesium carbonate. 

Volumeirio JSntiinMion, see page 61. 

Examination : 

In order to obtain an average sample of tlie crystallized 
acid for examination, it is advisable to grind several ounces of 
the crystals, and to make from a small portion of the powder 
two solutions : an aqueous one, in the proportion of 1 part of 
the acid to 4 parts of water ; and an alcoholic one, in the pro- 
portion of 1 part of acid to 6 parts of alcohol. Both the solu- 
tions should be complete and clear. 

TaHario acid is detected as a granular white precipitate, 
when 2 fluid-parts of the aqueous solution and 1 fluid-part of 
the alcoholic solution are mixed together and agitated with 1 
fluid-part of a strong solution of potassium acetate, 

When many samples of the crystallized acid have to be 
examined, the following method is also applicable : 

A large glass pane is placed upon ultramarine-blue or dark- 
brown paper on an horizontal table or board ; a solution of 
potassium hydrate in diluted alcohol (15 grains ^of dry potas- 
sium hydrate in 6 drachms of distilled water and 2 drachms of 
strong alcohol) is then spread over the pane as thick as will re- 
main stationary upon it ; a number of crystals and fragraenta 
thereof are now placed a little apart from each other, the crys- 
tals of each sample separate. Instead of a glass pane, small 
plates maybe employed. Agitation being carefully avoided. 
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the eitric-aeid crystals, after several minutes' action of the alka- 
line solution, appear clearer and more transparent ; if crystals 
of tartaric acid be present, they will be recognized by their 
cloudy and white appearance ; alter two or three hoare, the 
crystals of citric acid are nearly or quite dissolved, and in their 
stead is frequently left a small, delicate, dust-like spot (due to 
traces of ealeium salts) ; if crystals of tartaric acid be present, 
they will appear whitisli, covered with a coat of small trans- 
parent acicular crystals, and surrounded by a deposit of small 
overlapping groups of similar crystals, or a thin, though broad, 
crystalline film (all crystals of potassium bitartrate), 

MetaUio impurities may be detected in the aqueous solution, 
by a dark coloration or turbidity with hydrosulphm-ic acid ; if 
it be so considerable as to form a deposit, this is collected and 
washed upon a filter, and then dissolved in a few drops of warm 
nitric acid ; the obtained solution is divided into two portions, 
one of which is examined by over-saturation with aqua ammo- 
nisB for copper, which will be indicated by a blue coloration, 
and the other with one drop of diluted sulphuric acid iwlsad. 

Sulphates may be detected in the diluted aqueous solution, 
to which a few drops of diluted nitric acid have been added, 
by a white precipitate with barium nitrate. 



ACIDUM aALucum. 
Gallia Acid. 

Small acicular prisms or silky needles, or a crystalline pow- 
der, nearly colorless, or of a pale fawn-color. They contain 2 
molecules (9.5 per cent.), of water of crystallization, which pass 
off at about 100° C. ; at about 215° C., the acid is resolved, 
without fusing, into carbonic acid and pyrogallic acid, which 
latter sublimes in small crystalline plates ; when exposed to a 
strong heat, with free access of air, gallic acid burns away 
without residue. 

Gallic acid is soluble in 100 parts of cold, and in 3 parts of 
boiling, water ; it is also soluble in cold, and freely in boiling, 
alcohol, but less soluble in ether and glycerin. The aqueous 
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solution has an aeidulons and astringent taste and an acid re- 
action, and 19 liable to spoiitaneoua decomposition on exposure 
to the air ; it gives no precipitate with solutions of ferrous salts, 
if free from ferric salt, but it gives a bluieh-hlack precipitate 
with Bohitions of ferric salts, the color of which disappears when 
the liquid is heated, from the deoxidatioii of the ferric to fer- 
rous salt, at the expense of the gallic acid. A solution of gallic 
acid, when dropped into lime-water, produces a white turbidity, 
which soon becomes blue, and passes through a greenish or 
violet tint to a purple color. The solution forms no precipitate 
with argentic nitrate, but reduces it to metallic silver, gradually 
at common temperature, at once wiien heated. 

Solutions of the alkaline hydrates, as well as concentrated 
sulphuric and nitric acid, when poured npon dry gallic acid, 
dissolve it, with a deep-red color. 

Ezamination : 

TaTi/ivie aoid may be detected by a white precipitate, when 
the solution of the acid is added to a dilute solution of gela- 
tin. 

Suga/r and demtrm remain behind upon solution of the acid 
in strong alcohol. 

Resinous admixtures will remain behind and separate on 
cooling, floating on the surface when a few grains of the acid 
are dissolved in boiling water. 



ACIDUM HYDROCHLOBICTJIII. 

ACIomi HURIATICUU. 
MiiHatic Aeid. Sydroehhric Acid. 
Concentrated hydrochloric acid is a colorleseJuming liquid, 
of a pungent and suffocating odor and corrosive taste ; its spec, 
gravity depends upon the quantity of hydrogen chloride held 
in solution, and varies in the strong acid between 1.160 and 
1.120, corresponding to 32 and 24J per cent, of the anhydrous 
hydrochloric acid. The crude eommereial acid has generally 
a spec. grav. of from 1.160 to 1.180, containing 32 to 35 per 
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cent, of tlie gaa and various impurities, which impart a yellow- 
ish color to tlie acid. 

Hydrochloric acid may further be recognized by the evolu- 
tion of chlorine gas when heated in a test-tube with black man- 
ganic dioxide, and, when diluted, by a white cnrdy precipitate 
with argentic salts, which is insoluble in acids, but soluble in 
ammonium hydrate and in potassium cyanide, and whicli be- 
comes black on exposure to the solar light. 

Vdumeirie EsUmation, see page 61. 



ies are recognized by a residue, upon evapora- 
tion of the acid in a platinum spoon or -watch-glasB. 

Sulphuric acid may be detected in the acid, after dilution 
with at least five times its volume of water, by a white precipi- 
tate when tested with a few drops of barium chloride. 

Sulphurous aoid may be detected in the filtrate of the pre- 
ceding teat, after the sulphuric acid, if such be present, has 
been completely eliminated, by mixing with it a little chlorine- 
water ; an ensuing white turbidity would indicate sulphurous 
acid.* This may also be recognized or confirmed when a little 
of the hydrochloric acid, diluted with 4 or 5 parts of water, is 
poured upon pure granular zinc in a small flask (Fig. 31), 
and the_ evolved gas allowed to pass into 
a diluted solution of plumbic acetate in a 
test-tube; an ensuing black precipitate in 
the solution would indicate sulphurous acid ; 
or the test may be made in a large test-tube, 
and the solution of plumbic acetate exposed 
to the escaping gas by closing the mouth of 
the tube with a bunch of cotton, moistened 
with the solution {Fig. 29 ; page 72). 
Chlorine may be detected by the occurrence of a blue col- 
oration, when the acid, diluted with about iiVe times its bulk 
of water, is mixed with a few drops of solution of potassium 
iodide (free of iodate) and a little mucilage of starch. 

Iodine and Brormne. — About eight volumes of the acid are 

• Chlorine and aulphuroua acids, when !n coDtaet wilh water, focm hydroelilocic 
and aulphuric acids ; therefore the presence of either one of these impurities in hy- 
drochloric acid escludea the other one. 
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agitated in a test-tube with one volume of cliloroform ; after 
sabsidence, the stratum of chloroform will appear red when io- 
dine, and yellowish when bromine, is present. If the cldoro- 
form, however, remains colorless, a few drops of chlorine- water 
are added ; when, after agitation and subsequent subsiding, the 
chlorofopra still remains colorless, tlie absence of hydrobromic 
and of hydroiodic acids is also proved. 

Metals are detected in the acid, diluted with at least four 
times its bulk of water, when tested with hydrosnlpliuric acid : 
a white turbidity would indicate sulphurous acid or ferric chlo- 
ride, a yellow one, araenions chloride, and a dark one, metals 
(copper, lead, or tin) ; in order to distinguish the latter, the 
precipitate is collected upon a filter, waslied, and then treated 
with a little warm ammonium sulphydrate ; the filtrate is over- 
saturated with a few drops of hydrochloric acid ; a brown 
precipitate indicates tin. The precipitate upon the filter, in- 
soluble in ammonium sulphydra^, is washed, and dissolved in 
a few drop's of warm nitric acid ; part of this solution is over- 
saturated with ammonium hydrate ; a blue coloration indicates 
copper; another portion is diluted and tested with one or two 
drops of diluted sulphuric acid ; a white precipitate indicates 
lead. 

Arserdo. — The prcBence of arsenious or arsenic chlorides 
may he shown by adding about 25 drops of concentrated 
solution of stannous chloride to about three fluid-drachms of 
the concentrated acid, and then adding, drop by drop, about 
one fluid-drachm of concentrated sulphuric acid ; the mixture 
becomes hot, but remains clear and colorless ; if, however, 
traces of arsenic are contained in the acid, it becomes more or 
less turbid, and deposits a brown pi'ecipitatc. 

Another test is to introduce a mixture of one fluid-drachm 
of the acid, with four drachms of water wherein about three 
grains of cupric sulphate have been dissolved, into a long test- 
tube (Fig. 32), taking care that the liquid fills only about one- 
tenth of the tube, and that the upper interior surfaces of 
the tube remain dry ; a few pieces of pure zinc are then 
added, and a small bunch of gun-cotton moistened with solu- 
tion of argentic nitrate, or a cork provided with a strip of 
strong white blotting-paper moistened with the argentic solu- 
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tion, is inserted into the orifice of the tube, which is then al- 
lowed to stand, protected from the solar light, for half an 
hour. 




A dark coloration of the solution of argentic nitrate, not 
disappearing when immersed in a warm dilute solution of 
potassium cyanide, confirms the presence of arsenic. 
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18.25 1 


0414 


8.5 


1.3865 


37.5 


1.1373 


37.76 


1.0883 


18 1 


0402 


8.25 


1.1844 


87.25 


1.1301 


37.6 


1.0870 


17.75 1 


0390 


8 


1.1833 


37 


1.1848 


27.25 


1.0858 


17,6 1 


0378 


7.75 


1.1821 


86.75 


1.1886 


37 


1.0845 


17.35 1 


0306 


7.5 


l.lSlfl- 


36,5 


1.1323 


26.75 


1.0833 


17 1 


0358 


7.26 


1.1798 


86.35 


1.1810 


26.6 


1.0821 


10.75 1 


0341 


7 


1.1787 


36 


1.1397 


36.25 


1.0807 


16.5 1 


0329 


6.75 


1.1775 


85.75 


1.1384 




1.0795 


16.25 1 


0317 


6.5 


1.1763 


35,5 


1.1373 


35.75 


1.0783 


16 1 


0305 


6.25 


1.1752 


35,25 


1.1359 




1.0770 


15.75 1 


0293 




1.1739 


35 


1.1246 


26!3e 


1.0758 


16.5 1 


0280 


5.75 


1.1727 


84.75 


1.1384 


36 


1,0746 


15.35 1 


0268 


6.5 


I.17U 


34.5 


1.1331 


24.75 


1.0788 


15 1 


0256 


5.26 


1.1702 


34.25 


1.1208 


24,5 


1.0731 


14.75 1 


0344 


5 


1.1689 


84 


1.1196 


24.35 


1.0709 


14.5 1 


0331 


4.76 


1.1677 


38.75 


1.1188 


34 


1.0696 


14.25 1 


0219 


4.6 


1.1664 


33,5 


1.1170 


23.75 


1.0684 


14 ■ 1 


0207 


■ 4.25 


1.16B2 


38.35 


1.1157 


38.5 


1.0672 


13.75 1 


0195 


4 


1.1689 




1.1145 


23.25 


1.0659 


18.5 1 


0170 


8,5 


1.1637 


33.75 


1.1133 




1.0647 


13,25 1 


0146 


3 


1.1614 


82.5 


1.1110 


22,76 


1.0635 


18 1 


0123 


3.5 


1.1603 


33.35 


1.1107 




1.0622 


13.76 1 


0097 


a 


1.1589 


32 


1.1094 


S3;35 


1.0610 


13,5 1 


0078 


1.6 


1.1577 


81.75 


1.1081 


22 


1.0598 


12.25 -1 


0048 


1 


1.1504 


31,5 


1.1069 


31.76 


1.058B 


12 1 


0024 


0.5 
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AOIDUM HYDRO DYANICTJlffi DH-UTUlff. 

ACIDUM nYDROCYANATUM. 

Diluted Hydrocyanic Acid. 

Pure hydrocyanic acid is a thin, colorless, and exceedingly 
volatile and unstable liquid. Its odor is very powerful and 
eharacteristie, resembling that of peach-blossoms or oil of bitter 
almonds. It mixes with water and alcohol in all proportions. 
The officinal acid is a highly-dilute aqueous solution, coutain- 
ing only about two per cent, of anhydrous acid. It imparts a 
faint evanescent color to litmus, and forms a white precipitate 
with argentic nitrate, soluble in potassium cyanate, as well as 
in nitric acid, but less soluble in ammonium hydrate. Upon 
addition of ferric chloride to the dilute acid, and subsequent 
slight over-saturation with potassium hydrate, the liquid will 
acquire a blue color, and deposit a slight dai'k-blne precipitate 
after the addition of hydrochloric acid in excess. If a solution 
of mercurous nitrate is added, drop by drop, to the officinal 
hydrocyanic acid, a gray precipitate of metallic mercury is 
formed at once. 

Examination i 

Syd/pochlorie and phosphoric aeids may bo detected by 
shaking some of the acid with a little powdered sodium bibo- 
rate ; then the whole, without filtering, ie evaporated in a porce- 
lain capsule, at a gentle heat, to dryness ; the residue is dis- 
solved in dilute nitric acid, and part of the filtered solution is 
examiijed with argentic nitrate for hydrocMoris add, which 
is indicated by a white precipitate. To another part of 
the solution ammonium molybdate is added, and heated to 
boiling ; an ensuing yellowish precipitate indicates j>ho&phorio 
acid. 

FormiG aoid, if present, will be detected by its property of 
reducing red oxide of mercury to gray metallic mercury, when 
a little of the acid is warmed and agitated with a few grains of 
the oxide. 

Sulph/wio aoid is detected hy the formation of a white pre- 
cipitate upon addition of a few drops of barium nitrate to the 
acid. 
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EsUmation of the strength of hydi^ocyanic acid. 

There are two simple modes of ascertaining the quantity of 
anhydrous acid contained in liydrocjanie acid. The one de- 
pends upon the fact that one part of anhydrous hydrocyanic 
acid forms 5 parts ot argentic 
cyanide ; that, accordingly, 
100 parts of the officinal acid 
should yield 10 parts of ar- 
gentic cyanide. 

The second mode ia the 
■volumetric one, and depends 
upon the property of argentic 
cyanide to form a aoluhle com- 
pound with alkaline cyanides. 
When, therefore, the officinal 
hydrocyanic acid is convert- 
ed into sodiiim or potassium 
cyanide by addition of sodi- 
um or potassium hydrate, no 
permanent precipitate will 
appear, upon the addition of 
nitrate of silver, until more 
than sufficient cyanide of sil- 
ver is produced to form the 
soluble compound. 

I. One hundred grains of 
the acid are completely pre- 
cipitated hy a solution of ar- — ■ - - .j — *• 
gentic nitrate. Then two fil- Jn.83. 
ters of exactly the same size 

and paper are eut; throngh the one the liquid is. filtered, 
the precipitate washed, and then both the empty filter and 
the one containing the argentic cyanide are dried, at a heat 
not exceeding 100° C. When the weight of the latter filter 
remains constant, both filters are weighed, the empty one serv- 
ing as a counterpoise of the one containing the precipitate; 
the excess of weight of the latter is argentic cyanide, of which— 



\ 
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II, Twenty-seven grammes of the diluted hydrocyanic acid 
are converted into eodium cyanide, by adding solution of sodium 
hydrate until, after stirring, litmus-paper shows that the liquid 
haa a slightly alkaline reaction. The teat-solution of argentic 
nitrate is then allowed to flow in gradually (Fig. 33), until, 
after agitation, a alight permanent turbidity remains. When 
this occurs, the quantity of argentic nitrate added represents 
exactly half the amount of hydrocyanic acid present in the 
diluted acid, and the quantity of acid indicated denotes, there- 
fore, when doubled, the correct percentage. 

For volumetric estimation, see also page 62. 



A limpid, odorless, syrupy liquid, colorless, or of a pale-yel- 
lowiah tint, of a sour taste, and of from 1.21 to 1.24 spec. grav. 
(containing 75 per cent, of hydrated lactic acid). It is misci- 
ble, in all proportions, with water, glycerin, alcohol, and ether, 
and also, without being colored, with concentrated sulphaiic 
acid. Lactic acid dissolves zinc and iron, with effervescence, 
and cannot be diatilled without undergoing partial decomposi- 
tion. Heated upon platinum-foil, it emita inflammable vapore, 
which burn with a bright flame, and leavea a charred residne, 
which is completely dissipated at red heat, "When heated with 
solution of potassium permanganate, lactic acid emita the odor 
of aldehyde. 

One drachm of lactic acid requires for saturation not less 
than fifty grains of potassium bicarbonate. 

Examination : 

Gum, Mannite, and Ghioose. — A few drops of the acid are 
diluted with water in a test-tube, and slightly over-saturated 
with sodium carbonate; to the clear liquid are added a few 
drops of Fehling's solution, and the whole ia gently warmed ; a 
blue coagulation, upon the addition of tiie cupric solution before 
warming, would indicate the preaence of gum ; a brick-colored 
precipitate, after heating, indicates glucose. 



by Google 



ACIDA. 91 

Tlic presence of gum and mannite may also be recognized 
by tbe occurrence of a turbidity upon dropping the acid into 
a mixture of equal parts of alcotol and ether. 

Glycerin may be detected by mixing, in a porcelain eap- 
Bule, about 20 drops of the acid with 10 grains of oxide of 
zinc, previously triturated with a little water ; the whole is 
then evaporated, upon a water-bath, to dryness ; the residue is 
treated with strong alcohol, and the obtained alcoholic solution 
is evaporated upon a watch-glass ; a neutral, syrupy, sweet resi- 
due would indicate glycerin. 

Organic Acids. — Two drops of tbe lactic acid are added in 
a test-tube to so much lime-water that the alkaline reaction re- 
mains prevalent ; if a turbidity takes place at once, oxaUo, tajT' 
tano, or phosphoric acid is indicated ; if the turbidity does 
not ensue before the liquid ie heated to boiling, cii/ric acid is 
indicated. Acetic and Imtyric acids are recognized by tlieir 
respective odors when the acid is gently heated in a porcelain 
capsule. 

Sulphuric, hydrochloric, and phosphoric acids may be de- 
tected in the diluted aqueous solution of the acid by testing it, 
in separate portions, with barium chloride for the former, and 
with argentic nitrate for the two latter. 

Acid calciwm, phosphates would be indicated by a white tur- 
bidity of the dilute solution of the acid when tested with ammo- 
nium oxalate. 

Metals are detected in the acid, when neutralized with aqua 
ammonia, and then tested with hydrosulphuric acid ; a white 
turbidity would indicate sine, a brown or black precipitate, 
eqppev or lead. 



ACIDtJM NITRICtTM. 
Ifitrie A<nd. 



Nitric acid, in its most concentrated form, is a colorle^, 
fnming, corrosive liquid, having the spec, grav, of 1.517 at 
15.5° C, and boiling at 8i.5° C. ; it consists of 54 parts (93 per 
cent.) of nitrogen pentoxide and 9 parts of water. 
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The crude commercial nitric acid is of two etrengtlis : the 
Bo-called donMe aeid has a spec. grav. of 3.36, containing aboat 
50 per cent, of nitrugen pentoxide ; and the single acid, of 1.22 
spec, grav., containing about 30 per cent, of nitrogen pen- 
toxide. 

The officinal nitric acid has the spec. grav. of 1.420, and con- 
tains about 60 per cent, of nitrogen pentoxide, corresponding 
to about To per cent, of nionohjdrated nitric acid. The Aci- 
dum mtricum dilutum, of 1,068 spec, gravity, contains 11,66 
per cent, of monohydrated acid. 

Nitric a«id is readily decomposed, and is a powerful oxidiz- 
ing E^ent, acting violently upon most of the metals, and npon 
organic compounds, converting many n on -nitrogenous vegetable 
substances into explosive bodies. From its tendency to decom- 
pose, nitric acid has frequently a yellowish color from niti-ous 
and nitnc oxides, held in solution, which, upon diliition of the 
acid with water, or upon heating, cause a further decomposi- 
tion and consequent disengagement of nitric peroxide. Nitric 
acid may. also be recognized by its property of dissolving cop- 
per-turnings to a bine solution, with the evolution of colorless 
nitric-oxide gas, which, however, at once unites with atmos- 
pheric oxygen, forming red fumes of nitric peroxide ; by the 
ready decoloration of diluted solution of indigo; by its color- 
ing pine-wood bright yellow ; and by deep red or brown com- 
pounds with ferrous salts. 

The salts of nitric acid are remarkable for being all soluble 
in water. 

The characteristic reaction of nitric acid with ferrous salts 
extends also to the nitrates, when previously acted upon by 
strong sulphuric acid. The test is performed either by placing 
a crystal of ferrous sulphate in the liquid under examination, 
mixed with concentrated sulphuric acid, or by mixing the 
liquid with a concentrated solution of fefrous sulphate, and 
pouring this mixture carefully upon concentrated sulphuric 
acid in a test-tube, or by pouring it into a conical cylinder and 
placing concentrated sulphuric acid below it by means of a 
pipette (Fig, 34), so as to form in either case two supernatant 
layera. If a large quantity of nitric acid is present, the surfaces 
of the crystal, or the line of contact between the liquids, become 
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black; if but a small quantity is present, they become reddisb- 
brown or purple. 

Yolumetrio .Estimation, see page 61. 

Exammation : 

HydroGhloric acid may be detected in tbe acid diluted witb 
about five times its volume of 
water, by the formation of a ■s'^- 

white precipitate, when tested ^ 

with argentic nitrate. "' 

Sulpliurio aoid is detected 
in the diluted acid by a white ''- 

precipitate, when the diluted acid 
is tested with barium nitrate. '|' 

Nitrous and hyponitric acids c 

are detected in the diluted acid, 
by one or two drops of a very di- 
late (1:1000) solution of potas- 
sium permanganate : their 
ence is indicated by decoloration 

Iodine and lodio Acid. — via.si. 

About one drachm of the acid 

(the most concentrated acid has to be diluted with an equal 
volume of water) is shaken in a test-tube with about one-half 
its bulk of chloroform, which, after subsiding, will appear yel- 
lowish or reddish, if free iodine be contained in the acid ; when 
it remains colorless, a little hydrosulphnric acid is added, drop 
by drop, with gentle agitation ; if a coloration of the chloro- 
form takes place now, iodic aoid is indicated. 

A confirmatory test is, to mix the acid, after dilution, if 
strong acid is under examination, with a few drops of mucilage 
of starch; a bluish coloration will take place after a while, 
when iodine is present ; if no reaction occurs, a few drops of 
solution of sulphurons acid may be added, drop by. drop, when 
the blue color will appear, if iodic acid be present. , 

Metals may be detected by mixing the diluted acid with an 
equal bulk of hydrosulphnric acid, and by subsequent over-sat- 
uration with aqua ammonise. 



by Google 



94 MANUAL OF CHEMIUAL ANALYSIS. 

TABLE 

OF THE QUANTITy BY WEIGHT OF ANHTHEOTJS AND OP MONOHYDBATED 
NITRIC ACID CONTAINED IS WU PARTS BY WEIGHT OF AQUEOUS KITKIC 
ACID AT DIFFERENT DENSITIES. (Tehpekjtdbb 17.6" C.) 



Sliecmc 


Percent. 


Percent of 


Bpecffio 


Petceat 


l^roent.of 


Specific 


Percent 


Percent of 


Gravity. 


of NO". 


W^Biq 


Grari^. 






Grarity. 


ofNO». 


BO'+lisO 


1.523 


85 


99.16 


1.414 


"eiJ 


68.25 


1.282 


83 


87.83 


1.531 


84.5 


98.58 


1,412 


58 


67.66 




31,6 


36.75 


1.-519 


84 


98.00 


1,409 


67.B 


67.08 


1.324 


81 


36.16 


1.517 


83.5 


97.41 


1.406 


57 


66.50 


1.330 


30.5 


35.58 


1.516 




96.83 


1.403 


66.6 


65.91 


1.317 


30 


85.00 


1.514 




98.24 


1.400 


66 


66.38 


1.318 


29.5 


34.41 


1.513 




96.66 


1.397 


55.5 


64.76 


1.209 


29 


33,83 


1.510 


81.5 


95.08 


1.S94 


55 


04.16 


1.205 


28.5 


83,25 


1.508 


81 


94.50 


1.393 


54,5 


63.58 


1.301 


38 


33,66 


1.506 


80.5 


93.91 




64 


63.00 


1.198 


27.5 


32.08 


1.604 




93.33 




63.5 


62.41 


1.194 


27 


31.50 


1.503 


79.5 


93.74 




53 


61.88 


1.190 


26.5 


30.91 


1.500 


79 


93.16 


l!380 


53.5 


61,25 


1.186 


26 


30.88 


1.498 


78.5 


91.68 


1,377 


52 


60.66 




26,5 


29.74 


1.496 


78 


91.00 


1.374 


51.5 


60.08 


1.178 


25 


29.16 


1.494 


77'.5 


90.41 


1.371 


51 


59.60 


1.174 


24.5 


28.58 


1.493 


77 


89.83 


1.368 


50.B 


68.91 


1.170 


24 


28.00 


1.490 


76.6 


89.24 


1.364 


60 


58.83 


1.167 


23.5 


27.41 


1.488 


76 




1.861 


49.5 


67.75 


1.163 


33 


26.88 


1.486 


75.5 


88.08 


1.368 


49 


57.16 


1.159 


23.5 


20.36 


1.484 


75 


87.60 


1.355 


48.6 


56.58 


1.156 




25.66 


1.482 


74.5 


86.91 


1.862 


48 


56.00 


1.151 


21.5 


36.08 


1.430 


74 


86.33 


1.349 


47,6 


55.41 


1.147 


21 


34.49 


1.478 


78.5 


85.74 


1.345 


47 


54.88 


1.148 


20.5 


38.91 


1.476 


73 


86.16 


1.343 


46.6 


64.35 


1.140 


20 


23.33 


1.474 


72.5 


84.58 


1.388 


46 


58.66 


1.186 


19.5 


32.74 


1.473 


73 


84.00 


1.334 


45.5 


63.08 


1,133 


19 


22.16 


1.470 


71.6 


83.41 


1.880 


46 


52.60 


1.129 


18.5 


31.58 


1.469 


71 




1.337 


44.5 


51.91 


1.126 


38 


21.00 


1.467 


70.5 


82.34 


1.333 


44 


51.38 


1.133 


17.5 


30.41 


1.465 


70 


81.66 


1.819 


43.5 


50.75 


1.118 


17 


19.83 


1.462 


69.5 


81.08 


1.315 


43 


50.16 


1.114 


16.5 


19.35 


1.460 


69 


80.50 


1.313 


43,5 


49.68 


i.ni 


16 


18.66 


1.458 


68.5 


79.91 


1.308 


43 


49.00 


1.107 


15.6 


18.08 


1,466 


68 


79.33 


1.304 


41.5 


48.41 


1.10^ 


16 


17.50 


1.454 


67.S 


78.75 


1.301 


41 


47.88 


l.IOO 


14.5 


10,91 


1.451 


87 


78.16 


1.297 


40.6 


47.25 


1.090 


14 


16.33 


1.449 


66.6 


77.58 


1.394 


40 


46.66 


1.092 


13.6 


15.74 


1.447 


68 


77.00 


1.390 


B9.5 


40:08 




18 


15.16 


1.444 


65.5 


76.41 


1.387 


89 


45.50 


-l!o80 


13.5 


14.68 


1.443 


65 


75.83 


1.383 


38.5 


44.91 


1.083 


13 


14.00 


1.440 


64.5 


76.35 


1.379 


88 


44.33 


1.078 


11.5 


13.41 


1.4S8 


64 


74.66 


1.375 


37.6 


43.76 


1.076 


11 


13.83 


1.438 


63.5 


74.08 


1.371 


37 


43.16 


1.071 


10.5 


13.25 


1.434 


63 


73.50 


1.267 


36.6 


42.58 


1.068 


10 


11.66 


1.433 


63,5 


73.91 


1.363 


36 


42.00 


1.064 


9.5 


11.07 


1.430 


63 


73.83 


1.359 


85,5 


41.41 


1.060 


9 


10.50 


1.428 


61.5 


71.75 


1.355 


35 


40.83 


1.056 


8.5 


9. 91 


1.436 


61 


71.10 


1.351 


34.6 


40.25 


1.053 


8 


9.33 


1.424 


60.5 


70.58 


1.347 


34 


89.66 


1.050 


7,5 


8.84 


1.432 


60 


70.00 


1.348 


83.5 


39.08 


1.045 


7 


8.16 


1.419 


59,5 


69.« 


1.339 


33 


88.50 


1.038 


6 


7.0O 


JA11 


59 


68,83 


1.33S 


33.5 


37.91 


1.033 


5 


6,83 



.oogle 



Witli the decrease and 
acid Buffers a corresponding 
of ihe centigrade thermometer 



of temperature, the density of nitric 
jr decrease, amounting for eaoli degree 
either direction — 
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For instance: An. acid of 1.178 spec, grav, at 17.5" 0. containing 35 per 
cent, of anhydrous, or 29.16 per cent, of raonohydrated, nitric acid will 
have, at 20° C, a spec. gray, of (1,1J8— 0.00072x2.5=) 1.763, and at 
15° 0. a spec. gray, of (1.178+0.00072 x2.B=!)1.1798. 



ACIDUII OXALICUM. 



Chalta Acid. 



Colorless, transparent, oblique-rhombic prisms, containing 2 
molecules (28 per cent.) of water of crystallization, which they 
lose in a dry and Varm air, the crystals crambling down to a 
soft white powder of anhydrous oxalic acid, which may be sub- 
limed, in a great measure, without decomposition. Heated 
upon platinum-foil, the crystals first fuse, with slight crepita- 
tion, and finally are completely dissipated, emitting inflamma- 
ble fames. 

Oxalic acid is soluble in 8 parts of cold water, and in its 
own weight, or less, of boiling water ; it is also soluble in 7 
parts of glycerin, and in about 4 parts of alcohol, but sparingly 
in ether and chloroform. Its solution has a very sour taste, 
and a strong acid reaction ; it forms with the alkaline metals 
soluble, with all other bases, for the most part, insoluble, salts, 
which, however, are soluble in dilate acids. 

When a cold saturated acLneous solution of oxalic acid is 
dropped into strong alcohol, it should not produce a turbidity ; 
when dropped into lime-water, a copious white precipitate 
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must ensue at once, whicli remains unchanged upon addition 
of acetic acid, as well as of ammoniam chloride, but which is 
readilj dissolved by hydrochloric and nitric acids. Added to 
a solution of calcium sulphate, a precipitate is also produced 
after a while. \ 

Wlien heated with concentrated sulphuric acid, oxalic acid 
is resolved into water and equal volumes of carbonic oxide and 
carbonic acid, without being charred. 



Bmoxalates and quaSfoxalates of potassium (sorrel and 
lemon salts) are detected by heating about half a drachm of the 
oxalic acid in a platinum or porcelain capsule, to redness, arid 
until no more fumes are emitted; a white fused residue, turn- 
ing red litmus-paper blue, and effervescing with a few drops of 
hydrochloric acid, would indicate potassium or traces of cal- 

Crude commercial acid mostly leaves a very small trace of 
residue, too insignificant, however, to impair the quality of the 
acid, or render it unfit for its common technical applications. 

Tartaric, citric, and raoemic adds, and their salts, as acci- 
dental admixtures in oxalic acid, may be detected by gently 
heating, in a test-tube, some of the crystals in strong sulphuric 
acid. The crystals, as well as the acid, must not become dark- 
colored or blackened, otherwise the presence of the one or other 
of such admixtures is indicated. 



AClDUm PHOSPHOBICUM. 

Phosphoric Acid. 
Glacial, monohasio, or meiaphosphonc acid forms colorless, 
transparent, glass-like, fusible masses, deliquescent, and slowly 
but freely soluble in water and in alcohol, yielding colorless, 
inodorous acid solutions. The fused acid consists of 143 parts 
of metaphosphorie acid and 18 parts of water, containing, 
therefore, 11.2 per cent, of water. Its aqueous solution pro- 
duces white monobasic precipitates with albumen and with sol- 
uble salts of silver, barium, and calcium. When its solution is 
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heated for 9ome time, the monobasic acid is converted into the 
tri-basic acid, which ia contained in the medicinal aeidum 
phosphoric iim dilutum. This process is accelerated by the ad- 
dition of a little nitric acid to the boiling solution of the mono- 
basic acid. 

Aoidum pho^hori(ywm dilutum forms a colorless, inodorous, 
acid fluid of 1.056 spec, gra?., containing 7.2 per cent, of anhy- 
drous tri-basic phoa]>horic aeid, 100 grains of which saturate 
23,4 grains of crystallized potassium bicarbonate, without pre- 
cipitation. This acid does not coagulate albumen nor precipi- 
tate barium ehlorii^e ; when neutralized with sodium carbonate, 
it yields a light-yellow precipitate with argentic nitrate, soluble 
in nitric acid and in ammonium hydrate. It produces, in di 
lute solution of ammoniated magnesium sulphate, a white crys- 
talline precipitate of ammonio-magnesium phosphate, which, 
when collected and washed upon a filter, becomes yellow upon 
being moistened with dilute solution of argentic nitrate. 

Examination of Glacial Phosphoric Acid ; 

Ammonium may be detected by heating a few fragments 
of the fused acid in a strong solution of potassium hydrate in a 
test-tube; the odor of ammonium hydrate and the formation 
of white fumes, when a glass rod, moistened with acetic acid, 
is held over the oriiice of the tube, will indicate ammonium. 

For further examination, about two drachms of the glacial 
acid are dissolved in six fluid-drachms of water, in a small 
porcelain capsule ; when dissolved, 20 drops of concentrated 
nitric acid are added, and the fluid boiled until reduced to 
about half its original bulk ; then so much water is added as to 
make the fluid measure one ounce. 

Magnesium and aluminium are detected in a small portion 
of tliis aeid, after dilution with water, by the formation of a 
white precipitate upon over-saturation with strong ammonium 
hydrate ; if this is soluble in acetic acid, magnesium is indi- 
cated; if it is insoluble or only partly soluble, aluminium is 
also indicated, and may be confinned by heating a little of it 
on platinum wire before the blow-pipe; the colorless bead will 
assume a blue color, after being moistened with solution of co- 
baltous nitrate, and reheated, when aluminium ia present. 

Calcium and SiUoic Acid. — Another part of the above solu- 
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tion of the acid is mixed with atout four times its volume of ab- 
solute alcohol ; if a precipitate is formed, it is collected upon a 
filter, and, after the alcoholic liquid has passed through the fil- 
ter, is treated with liquor potassffi ; if a residue remains on the 
filter, the presence of calcium is indicated ; if the precipitate, 
however, be partly or entirely dissolved, the solution is over- 
saturated with hydrochloric acid and evaporated to dryresa at 
a gentle heat ; the residue is dissolved in water acidulated with 
sulphuric acid ; if a white turbid solution results, silicic acid is 
indicated. 

Metals. — The rest of the solution of the acid may be exam- 
ined for metals in the same mode as described nndsr acidnm 
phosphoric um dilutum. 

i^Kamination of Aoidum Phosphoricnm Dilutum : 

Monobasic phosphoriG acid may bo detected by the I'onna- 
tion of a gelatinous whit« precipitate when tested with solution . 
of albumen. 

Phosphorous aoid is indicated, if no arsenious acid he pres- 
ent, by decoloration when a little of the acid is heated in a 
test-tube, with one or two drops of potassium permanganate. 
It may also be detected in the diluted acid by adding a few 
drops of solution of mercuric chloride, and gently warming the 
liquid ; an ensuing white turbidity would coniii-m the presence 
of phosphorous acid. 

HydrocTdoric add is detected by a white precipitate with 
argentic nitrate in the diluted acid, to which previously have 
been added a few drops of concentrated nitric acid. 

Hitrio acid is indicated by decoloration when a little of the 
acid is gently heated with one drop of indigo-solution. Its 
presence may be confirmed by mixing with the acid nearly an 
equal bulk of concentrated solution of ferrous sulphate, and by 
placing this mixture upon concentrated sulphuric acid, with 
the precaution that the two fluids do not mis (Fig, 35) ; a red- 
brown coloration upon the line of contact between the two 
fluids will confinn the presence of nitric acid. 

Sulphuric acid is detected in the diluted acid, to which a 
few drops of nitric acid have been added, by a white precipitate 
with barinm nitrate. 

8 are detected by saturating the diluted acid with hy- 
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drosiilphurie-acid gas, and allowing the liquid to stand for 12 
hours in a corked test-tube or flask ; the occurrence of a colora^ 
tion or precipitate will indicate metals; a light-yellow floccn- 




lent one, arsenic ; a, brown or black one, copper, lead, or tin. 
.They may be discriminated by the methods described on page 
41. 

Arsenious as well as m-senio acids may be detected in 
phosphoric acid by the two following equally accurate meth- 
ods: 

1. Amixture of abouttwodraehmsof theofflcinal phosphor- 
ic acid with two drachms of concentrated pure hydrochloric acid 
and about 20 drops of concentrated solution of stannous chloride, 
is heated in a test-tube; the mixture, at first white and turbid, 
becomes transparent and clear ; a brown coloration or turbidity 
will indicate arsenic. 

3. Three fluid-drachms of the phosphoric acid are warmed 
in a test-tube; then one drop of solution of potassium per- 
manganate is added ; if decoloration takes place, the solution 
is added drop by drop until decoloration of the reagent ceases ; 
one fluid-drachm of concentrated sulphuric acid (previousiy 
tested for arsenic) is added, and the mixture placed in a long 
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test-tube (Fig. 36), care, teing taken that the interior upper 
parts of the tube remain dry ; a few pieces of pure zinc are 




then added, and the test eondueted in the mode described on 
. page 30. A darlc coloration of the solution ^f argentic nitrate 
will confirm the presence of a 
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■With the deoroaae or increase of temperature, the density of phosphoric 
acid suffers a corresponding increase or decrease, amounting for each de- 
gree of the oeutigrado thermometer in either direction — 

For acids of a speciCo (-M-ritj of 1.609 to those of I.B18 to about 0.001. 



For instance: An acid of 1.180 spec. grav. at 17.5° C, containing 16 
per cent, of anhydrous or 23.04 per cent, of tri-hydrated phosphoric acid, 
wiU hftve, at W° 0., a spec. grav. of (1.180—0.0004x2.6=) 1.129, and at 
16° a, aspeo. grav. of {1.180+0.0004x3.5=) 1.331. 



AciDUM siroorsicura. 

Succinia Aeid. 

Colorless, otlique-rliombio prisms, without odor wlien pure, 
and with a more or leas strong odor when the acid is ohtained 
from amber by Biiblimation, and is only imperfectly freed from 
the empyreiimatic oils. When heated upon platinum-foil, it 
fuses at 180° C, and emits irritating fumes, leaving a chari'ed 
residue, which, however, is entirely dissipated upon heating to 
red heat. 

Pure succinic acid dissolves in from 25 to 28 parts of cold, 
and about three parts of boiling, water, in 15 parts of cold, and 
in 1^ part of boiling, alcohol ; it is but sparingly soluble in 
ether and in oil of turpentine (distinction from benzoic acid); 
its aqueous solution yields, when neutralized with aqua ammo- 
nise, a copious reddisli-brown precipitate with diluted solutions 
of ferric salts, which is re-dissolved upon addition of hydrochlo- 
ric acid. 



Fixed Admixtures. — If a residue remains when the aeid is 
heated and dissipated upon platinum-foil, about two drachms 
of it are completely incinerated in a porcelain crucible ; the resi- 
due, when cold, is tested with moist turmeric as well as with 
red litmus-paper ; it is then divided into three parts ; one of 



by Google 



wliieh is mixed witli a little strong aleoliol, and this ignited ; a 
green color of the flame, especially toward the termination of 
the ignition, indicates loracie add; another portion of the resi- 
due is moistened with one drop of concentrated hydrochloric 
acid; effervescence would indicate potassium ItitaHrate, or 
other taHraiss, citrates, or oxalates ; the third portion is dis- 
solved in a few drops of water and one drop of nitric acid, and 
tested with barium nitrate ; a white precipitate would indicate 
potassium, sulphate or iisul/phate. 

Ammonium salts are detected by the odor of ammonia 
and by white fumes when a glass rod, moistened with acetic 
acid, is held in the test-tube, when the acid is heated in solu- 
tion of potassium hydrate. 

MetaUio impurities may be detected in the concentrated so- 
lution of the acid, by the admixture of an equal volnme of hy- 
drosulphuric acid, 

Organio adds and saUs may be detected by agitating four 
grains of tlie succinic acid in two drachms of hot water ; a com- 
plete solution must taite place, and continue after cooling; 
when a white precipitate separates on cooling, it is collected 
upon a filter, washed with a few drops of cold water, and, when 
perfectly dry, treated with a few drops of warm oil of tui> 
pentine, wherein it will dissolve, if it ia henzoio add. A. por- 
tion of the aqueous solution of the acid is then dropped into 
strong alcohol; an ensuing turbidity wonld indicate mineral 
salts ; another part of the solution is dropped into lime-water, 
taking care that this, with its alkaline reaction, remains preva- 
lent ; the formation of a white turbidity would indicate oxaUe 
or tartaric adds, or their salts ; if a turbidity is not formed 
until after warming the liquid, citric acid or dtrates would be 
indicated ; a little sohition of ammonium chloride is added and 
agitated : oxalate will remain unaltered, tai'trate or citrate will 
partly or entirely dissolve. 

The following may serve as a general test for the purity of 
succinic acid : Ten grains of the acid are dissolved in 3 fluid- 
drachms of strong or absolute alcohol ; the solution is aided by 
dipping the test-tube in hot water; when cold, it is divided 
into two parts, one of which ia mixed with an equal bulk of 
chloroform, the other with an equal bulk of aqua ammonife ; 
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a complete solution must take place in the first test, and a 
clear mixture in the second, otherwise one or more of the 
above-mentioned adulterations are present. 

"When a crude acid, containing empyreamatic substances, 
has to be examined, it is first agitated and washed with a little 
ether, and is then dissolved in boiling water, and the solution, 
when cold, passed through a filter previously moistened with 
water. 



ACIDTjm StriiPHURIOUM. 

Sulphuric Aeid. 

A dense, colorless, inodorous, highly-corrosive liquid, of a 
spec. grav. of from 1.843 to 1,850, containing from 18 to 20 per 
cent, of water, and 96.8 per cent, of nionohydrated sulphuric 
q,cid. At this density one fluidounee of the acid weighs a 
siriall fraction over 14 drachms. It has a strong attraction 
for water, absorbing it fram the atmosphere, and withdrawing 
it or its elements from organic compounds immei-sed in, or 
mixed with, the acid; sulphuric acid, therefore, when in con- 
tact with organic substances, or with air containing duat, 
gradually loses its colorless appearance, and becomes more or 
less brown, and rapidly chars and destroys most organic sub- 
stances, 

Snlphnrie acid is miscible with water, glycerin, alcohol, 
chloroform, carbon bisulphide, and other solvents, with evo- 
lution of heat, and produces, with most organic liquids, a 
more or less vehement decomposition ; io its relations to 
other compounds, it maintains the character of one of the 
strongest acids, its afiinity for bases being so powerful as 
to withdraw them from most of their compounds, forming sul- 
phates, which, with the exception of those of barium, stron- 
tium, lead, and calcium, are soluble in water. By the same 
powerful affinity, sulphuric acid decomposes water, and de- 
prives it of its oxygen, when in contact with water and certain 
metiils (iroii, zinc, tin, magnesium), or part of the acid itself is 
decomposed by the abstraction of oxygen, with the forma- 
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tion of metallic oxides and of sulphates, when concentrated 
sulphuric acid acts upon some metals (copper, mercury, silver). 

A piece of pine-wood, dipped into concentrated snlpharic 
acidj will become black, and when a piece of loaf-sugar is placed 
in a little of the acid, in a test-tube, and gently heated, the acid 
will become black, and emit the odorof eiilphurous acid; when 
one drop of the acid is mixed with a test-tubeful of water, this 
will let fall a white precipitate upon the addition of a few drops 
of barium chlonde. 

Yolumetric Estiitmtion, see page 61, 




llzamination : 

FUeed impurities are recognized by a residue after complete 
evaporation ol a few drops of the acid npon platinum-foil. 

Lead is indicated by a white turbidity taking place upon the 
careful admixtnre of one part of the acid with about four or 
five times its volume of alcohol (Fig. 37). Another method 
of readily recognizing the presence of lead-in sulphuric 
acid is, to fill a small conical cylinder about half with con- 
centrated hydrochloric acid, and then to place below the acid, 
by means of a pipette, a nearly equal volume of the sulphuric 
acid, with care that the fluids do not mix (Fig. 38) ; an ensuing 
wM,te turbidity at the junction of the two fluids would confirm 
the presence of lead. 
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The presence of lead and other metalHc impurities may be 
also detected by nearly neutralizing the aci(3. diluted with two 
or three times its bulk of water, with aqua ammoiiiEe or liquor 
potassEe, and by adding, while yet warm, an equal volume of 




hydrosulphurie acid, and allowing the liquid to stand for sev- 
eral hours ; a precipitate would indicate lead or other metals, 
which, when required, may be further examined by the meth- 
ods described in the course of analytical investigation (page 
41). 
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Arsenic may be detected by either of the two following 
methods : 

1. About half a fliiidounce of a mixture of equal pai-ts, by 
volume, of the concentrated sulphuric acid and water ie, 
when cool, heated in a test-tube, and a solution of potassium 
permanganate added drop by drop, until decoloration ceases ; 
then about 20 fjrains of sodium chloride, and subsequently 20 
drops of concentrated solution of stannous chloride, are added, 
and the mixture heated. An ensuing brown turbidity would 
indicate arsenic. 

2. To about one fluid-drachm of the sulphuric acid are 
added one or two drops of solution of potassium permanga- 
nate, or, if decoloration takes place, enough to make this cease. 
The acid is then added to i parts, by volume, of water, and 
introduced into a long test-tube, of which it should fill not more 
than about one-tenth, and whose interior above the fluid should 
remain diy (Fig. 39) ; a few pieces of pure zinc are then added, 
and the test performed in the mode described on page 30, 

Sul^Jtwovs acid and oxides of nitrogen are indicated by 
decoloration upon the addition of one drop of sulphuric-acid 
indigo-solution, and gentle warming, as also by decoloration 
of solution of potassium pennanganate. A special teat for ni- 
trogen oxides consists in dissolving two or three drops of pure 
anilin in about one drachm of diluted sulphuric acid, and in 
adding gradually, with gentle stirring with a glass rod, about 
twice the volume of the concentrated sulpliuric acid {Fig. ST). 
Nitrogen oxides, if present, cause rose-colored lines in the track 
of the glass rod. 
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With tlie decrease and inereaae of temperature, the density of sulplinrio 
acid suffers a corresijonding increase or decrease, amounting for eaoli degree 
of the centigrade thermometer in either direction— 
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ACIDUM TANNICUM. 
Taniiie Acid. Tannin. 

Amoi-plious, friable, porous, and inodorous masses, or tliin 
shilling Kcales, of a pale greenisb -yellow color, and feeble, mild 
odor* (mostly combined with a faint odor of ether); when 
heated upon platinum-foil, tannic acid fuses, swells up, and 
bums away without residue. 

Tannic acid is soluble in about two parts of water, in three 
parts of glycerin, and in less than its own weight of dilated 
alcohol ; but it is less soluble in strong alcohol, only sparingly 
in ether, and insoluble in the fixed and volatile oils: its aque- 
ous solution reddens litmus-paper, and has an stringent taste 
without bitterness ; it becomes turbid when boiled, and gradu- 
ally dark-colored and monldy, when exposed to the air ; it suf- 
fers precipitation by the alkaline salts, and by the mineral 
acids, and forms soluble compounds with tlie alkaline hydrates, 
sparingly soluble ones with the earthy oxides, and more or less 
insoluble ones with most of the metallic oxides; its solution 
coagulates solutions of gluten, albumen, and starch (distinction 
from gallic acid), and affords white precipitates, soluble in 
aoetic acid, with the alkaloids ; it renders no reaction with fer- 
rous salts, if completely free from ferric salts, but it gives a 
bluish-black precipitate with the latter, which is soluble in 
oxalic and mineral acids. When solution of tannic acid is 
dropped into lime-water, it produces a white turbidity, which 
soon becomes gray and dingy green, and passes through various 
shades to a dark purple-brown color. 

Examination : 

The absence of admixtures of Tesviwm substances, of dex- 
trin, and of sugar, may he ascertained by the property of the 
acid to yield a clear or almost clear solution with aboTit four or 
live parts of warm water, which should remain so when tested 
in two portions, the one by addition of twice its volume of 
strong alcohol, the other by dilution with water ; if any such 
adulterations he present, they may he separated and recognized 
by making two solutions of the acid, one in strong alcohol 

* The color and odor are dae to traces of a greeniali reaia. 
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wlien sugar and dextrin will remain behind, and anotlier one 
in boiling water, when resinous Bubstanees will be expelled on 
cooling. 



AOIDTJIO: TASTABIOUSI. 



Colorless, transparent crystals, which have the form of an 
oblique-rhombic prism, more or less modified ; they are perma- 
nent in the air ; but when heated, they fuse, become black, 
and are decomposed and charred, with the evolution of inflam- 
mable vapors of a peculiar odor, and are finally wholly dissi- 
pated without residue. 

Tartaric acid is soluble in an equal weight of cold, and half 
its weight of boiling, water, and in three parts of alcohol, form- 
ing solutions of a strongly acid taste and reaction, which, when 
dropped into solutions of neutral potassium salts, give rise to 
the formation of a white granular precipitate, at once in concen- 
trated solutions, and after a time in diluted ones. This reac- 
tion, however, does not take place in solutions containing free 
mineral acids or acid salts thereof. When solution of tartaric 
acid is dropped into lime-water, so that the alkaline reaction 
remains prevalent, a white turbidity occurs (distinction from 
citric acid) which, disappears again upon addition of solution of 
ammonium chloride (distinction from racemic acid), and also 
upon addition' of acetic acid (distinction from oxalic acid) ; solu- 
tion of calcium sulphate remains unchanged upon addition of tar- 
taric acid (additional distinction from oxalic and racemic acids). 

Crystals of tartaric acid, when immei^ed in concentrated 
sulphuric acid, dissolve gradually without coloration, unless 
wai-med, when they become black. 

One drachm of tartaric acid requires, for saturation, 65. TO 
grains of potassium carbonate, T9.98 grains of crystallized po- 
tassium bicarbonate, 114.39 grains of crystallized sodium car- 
bonate, 67,20 grains of sodium bicarbonate, and 38.19 grains 
of magnesium carbonate. 

yblumetric Estimation, see page 61. 
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Examinatioii : 

Salts. — -An admixture of salts is recognized by an addition 
of an equal volume of alcohol to a cold saturated aqueous solu- 
tion of the acid, or by dissolving the powdered acid in C parts 
of strong alcohol ; a complete solution must take place and re- 
main in either ease. 

Sulphates may be detected in the diluted solution, by a 
white turbidity with barium nitrate. 

Oxalates may be detected in the coneentratod aqueous solu- 
tion of the acid, hy a white precipitate when tested with solu- 
tion of calcium sulphate. 

Calcium salts may be detected in the diluted solution, neu- 
tralized with aqua ammonite, by a white precipitate with am- 
monium oxalate. 

Metallic impttnUes {copper or lead) are detected when a 
saturated aqueous solution of the acid is mixed witli about 
twice its bulb of hydrosulphnric acid. 



ACTDUM VAUIRIANICUM. 

Valerianio Acid. 

Pure valerianic acid forms a thin, colorless, or nearly color- 
less hquid, having the persistent odor of valerian-root and a pun- 
gent, acid taste ; it reddens litmus, bleaches the skin, and bums 
with a bright, smoky light. In contact with water, it absorbs 
about 20 per cent, of its weight without losing its oily consist- 
ence, and is itself soluble in about 26 parts of water; itismisci- 
ble with aqua ammonias, alcohol, and ether, in alt proportions. 
Its spec. grav. is from 0.935 to 0.940, and it boils at 116° G. 
The commercial acid is generally trihydrated, having a density 
of 0.950, and the boiling-point at 165° 0. 

Examination : 

Fatty Acids. — Twenty grains of the acid aro weighed in a 
tared flask, and water, of a temperature of from 12° to 15° C, 
is carefully added, with constant agitation, until the aeid is just 
dissolved. Tiie bottle is weighed again, and the quantity of 
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water required for solution mnst be not less than 36 times the 
weight of the acid ; in this instance, not less tlian one ounce and 
two scruples. If the acid dissolves in less ivater, it is not pure, 
containing admixtures (alcohol, acetic acid, and butyric acid), 
which by their greater solubility increase that of the valerianic 
auid. On tlie otlier hand, the quantity of water required for 
solution must not exceed thirty times (10 draehniB) tlie weight 
of the valerianic acid, in which ease it would contain less sol- 
uble or insoluble admixtures (caproic and similar monatomic 
acids, valeric aldehyde, etc.). 

If the preceding test leaves doubt as to the purity of the 
acid, or if a more conclusive exam- 
ination be required, one drachm 
of the acid is weighed in a bealier- 
glass, and mixed with two drachms 
of hot water ; tlien from a burette, 
or a graduated pipette (Fig. 40), a 
solution of potassium carbonate, 
of 1.33 spec, grav, (containing 33-J- 
per cent, of anhydrous carbonate), 
is added drop by drop, until tlie 
acid is exactly neutralized, Tlie 
quantity by weight of the solution 
of potassium carbonate used must 
very little, if at all, exceed twice 
the quantity of the acid ; if a 
greater quantity be required, tlie 
presence of butyric, acetic, and 
similar homologous acids, is evi- 
dent. When, in this test, oily 
Pj^ ^u drops are separated upon the sur- 

face of the liquid, the admixture 
of some neutral oily compound is indicated. 

Aeetic acid may be detected, by adding to the liquid ob- 
tained in the preceding test half as much hydrochloric acid, of 
1.124 spec. grav. (containing 25 per cent, of aniiydrous add), 
as was required of the potassium-carbonate solution for satura- 
tion ; after agitation, the liquid is transferred upon a small 
glass funnel, provided with a stoivcock. After the separation 
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of the supernatant fatty acid, the lower aqneous layer is drawn 
off through the stop-cock. A part of this solution is carefully 
neutralized, in a test-tube, witli diluted aqua arnmonife, and a 
iew drops of a solution of ferric perchloride are then added ; a 
reddish-brown precipitate will ensue, which, upon agitation, 
acquires a resinous appearance; the supernatant liquid must 
appear colorless ; a reddish color would indicate acetic acid. 

Mineral acids may be detected in the aqueous solution of 
the valerianic acid hy adding a few drops of nitric acid, and by 
subsequently testing portions of it with barium nitrate for sul- 
phuric acid, and with argentic nitrate for hydrochloric. 



AOONITIA. 
ACONITINUM. 

Aeonitia. Aconitine. 

White, amorphous, pulverulent grains, or a white or yel- 
lowish-white powder, or colorless rhombic or six-sided prisms, 
fusing, when heated upon platinum-foil, at about 80° C, with- 
out loss of weight ; at about 120° C. it becomes brown, and, at 
a higher temperature, bums away without a residue. 

Aeonitia ia but sparingly soluble in cold water; with hot 
water it becomes soft and resin-like, and dissolves gradually, 
in the proportion of one part of aeonitia to 50 parts of Iiot wa- 
ter; upon cooling, most of the aeonitia separates again. The 
aqueous solution has a pei^iatent bitter and acrid taste, and a 
feeble alkaline reaction ; upon addition of concentrated sulphu- 
ric acid, the solution remains unchanged, or becomes slightly 
yellow ; hut, when heated by immersing the test-tube in boil- 
ing water, it turns purple, and, iipon the addition of potassium 
bichromate, green. 

Alcohol, ether, chloroform, carbon bisulphide, benzol, and 
diluted acids, dissolve aeonitia freely; its solution in water, 
acidulated with hydrochloric or sulphuric acids, yields a white 
precipitate with solutions of tannic acid, of phosphoric acid, 
of potassio-mereuric iodide, and of the alkaline hydrates and 
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carbonates, a browii one with solution of iodinized potassium 
iodide. 

Aconitia dissolves in concentrated nitric acid without 
change ; with concentrated sulphuric acid, it forms a coherent 
mass, which dissolves upon agitation, with a yellowish-brown 
color, gradually changing to purple or brown. It is also dis- 
solved by phosphoric acid ; this solution becomes pui-ple upon 
evaporation on a porcelain capsule, in a water-batb. 

A kind of aconitia is occasionally met with in coranierce 
which differs from that above described in its 'chemical and 
therapeutical properties, and which is evidently derived from 
one or more non-offleinal species of Aconitum; it is readily 
recognized by its slighter solubility in chloroform, requiring 
about 230 parts for solution, while the officinal aconitia dis- 
solves in 2J- parts of chloroform. 



Ether. Btlylie Ether. Ethyl Oxide. 

A colorless, hglit, and limpid liquid, of a characteristic fra- 
grant odor, very volatile and inflammable ; it does not redden 
litmus, but becomes slightly acid by the absorption of oxy- 
gen and the formation of acetic acid, from contact with the air 
in imperfectly-stoppered bottles. When pure, its spec, grav., 
at 15.5° C, is about 0.720. 

The United States Pharmacopoeia provides two strengths of 
ether, one of the spec. grav. of O.TSO, at 15.5° C, containing 
about 70 per cent., and £ether fortior, of a spec. grav. not exceed- 
ing 0,728 at 15.5° C, and containing abQut 90 per cent, of 
ethylic ether- 
Ether is miscible, in all proportions, with alcohol, carbon 
bisulphide, chloroform, and benzol; pure ether dissolves about 
two per cent, of water, increasing thereby its density from 0.720 
to 0.733, at 15.5° C. Water, on the other band, dissolves near- 
ly 10 per cent, of ether. From its solution in ether, the water 
can wholly be removed again by anhydrous potassium carbon- 
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afe, provicJed that tlie ether be pure and free from alcohol. 
When completely free from alcoliol and water, ether has i)0 
action on dry tannic acid, which deliq^uesces to a thick, syrupy 
fluid in tether fortior. 

Ether diaeolvea sulphur and phosphorus sparingly, but bro- 
mine, iodine, gun-cotton, caoutchouc, essential oils, and most 
of the fatty and resinous substances, freely ; it is also a solvent 
for a number of alkaloids, and for some metallic salts, e. g., 
ie, auric, platihic, and ferric chlorides, etc. 



Aliiokol and Water. — Shaken with an equal bulk of water, 
in a small graduated cylinder {Fig. il), officinal etiier should 
not lose more than from one-iifth to one-fourth, and cether for- 
tior not more than trom one-tenth to one-eighth, of its vol- 
ume; otherwise an excess of one or other of the above is 
contained in the ether, which fact will also be indicated by a 
greater density of the ether than that above stated. 

A still more accurate result of this test is obtained when 
pure glycerine is employed instead of water. 

Acids. — Blue neutral litmus-paper, , when immersed in 
both strata in the cylinder, should remain un- 
altered, as also when a small c[uantity of the 
ether is evaporated in a porcelain capsule un- 
til reduced to a few drops, and then tested with 
litmus-paper ; a slight acid reaction would in- 
dicate acetic acid, and, in crude ether, possibly 
sulphurous or sulphuric acid ; the acid reaction 
may also be caused by traces of ethyl sulphate ; 
traces of this and other ethylic or amylic ethers 
or alcohols are also indicated when about half 
an ounce of the ether is evaporated from a ilat 
porcelain capsule by causing the fluid to flow 
to and fro ; when the ether is evaporated, the 
surfaces of the capsule should be covered with 
a deposit of moisture, without taste or smell^ and v 
oily appearance. 
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With tlio decrease and inorease of temperatnre, the density of ether suf- 
fers a QoiTesponding inei'ease or decrease, amounting for each degree of the 
centigrade tjiermonieter in either direction — 



o.IMO " 0.7T61, " 0,000s. 

For instance .' An ether of 0.7206 spec, gi-ay. at 17,S' 0., containing 98 
per cent, ethyl oxide, will have, at 20° C, a apen. grav. of (0.7206—0.0013 
x2.5=) 0.7173, and, at 15° 0., a spec, gi-av. of (0.7306+0.0018x3.5=) 
0.7239. 



.ffiTHER ACET1CTT8. 
Acetic Ether, Ethyl Acetate, 

A colorlesB, Hgbt, limpid liquid, of an agreeable, ethereal, 
and fruity odor and taste ; very volatile and combustible. 
"When pure, its spec. gray, is 0.900 to 0.90i at 15" C, and it3 
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boiling-point at Y4 to 76° C. Acetic ether is miseible in all 
proportions with ether, alcohol, chloroform, carbon bisulphide, 
and benzol ; it is miseible witli water, and soluble therein, in 
approximately the same proportion as ether. It absorbs oxygen 
from the air, especially if it contains some water, forming acetic 
acid; both the water and the acid can be removed from the 
ether by shaking it with exsiccated potasBium carbonate, which 
will become more or leas liquefied when these fluids are present. 

Examination : 

Alcohol.— When shaken with an equal volume of water in a 
graduated glass cylinder {Fig. il, page 115), the ether, atter 
Bubsiding, should not have decreased in bulk more than one- 
tenth to one-eighth; when pure glycerine is employed instead 
of water, the volume of both liquids should remain almost 
unaltered. Alcohol and water are also indicated by a greater 
density, and consequently a lower specific gravity of the ether. 

Acids.- — Neutral litmus-paper, when immersed in both 
strata in the cylinder, should remain unaltered, as also in the 
remainder of a little of the ether when evaporated in a porce- 
lain capsule. 

Estimation of the ethyl acetate contained in acetic ether. 
Fifty grains of pure crystallized barium hydrate are introduced 
into a 2-ounce vial, with so much water aa to leave room for 20 
grains of the ether ; the vial is then corked and weighed, and 
20 grains of acetic ether are added. The flask is then tightly 
closed, and allowed to stand in a warm place or in tepid water, 
agitating it occasionally for several honrs, until the ethereal 
odor of the liquid has entirely ceased. The contents of the flask 
are then emptied into a beaker or flask, the flask being rinsed 
Svith a little water to avoid loss. Carbonic-acid gas is now 
passed into the liquid until this has an acid reaction ; it is then 
warmed, the turbid liquid transferred to a filter, and the pre- 
cipitate washed by means of a washing-bottle. The entire fil- 
trate is completely precipitated with diluted sulphuric acid; 
the ensuing precipitate is collected upon a moistened tared fil- 
ter, washed, dried, and weighed. The weight of the precipi- 
tate, divided by 1.32, gives, as a quotient, the quantity of ethyl 
acetate contained in 30 grains of the acetic ether, which result, 
multiplied by five, gives the percentage. 
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BPIRITUS llECTIFIciTUS. 

Ethyl Alcohol, 

Alcohol absolatmn, Splritus alcobollsatua. Spec, grnr., 0.79S. 100 per cent 

ofrealnlcobolhyYoluiue. 
Alcohol fortius, Splritus rectifi-catisslniua. Spec. eniT.,0,Sn. OS per cent. 

Alcohol reotlficatum, Splritus rectificatiiH. Spi>D. grar., 0.§S5. 90 per cent., 

Alcohol dilutum, Splritus tenulnor. Spee. pm,, 0.911. 4« per ceut. of real 
nicuhoj by volume. 

A colorless, limpid, neutral liquid, infiammahle, and burn- 
ing with a bine flame, without smoke ; its spec. grav. is 0,V95 
at 15° 0. ; its Ixiiling-point at 78.4° 0, ; it is miscible in all pro- 
portions with most liqnid bodies, except the fatty oils, and, 
next to water, is the meet extensive and important solvent ; it 
combines with some salts, forming aleoLolates. Anhydrous 
alcohol has a great attraction for water, absorbing its vapor 
from the atmosphere, and abstracting the moiBtui'e from or- 
ganic substances immersed in it. In the act of dilution, a con- 
traction of volume and an increase of the temperature of the 
mixture take place. "When 55 volumes of absolute alcohol are 
mixed with 45 volumes of water, the mixture, after cooling, 
will occupy only 96.2 volumes, having therefore suffered a con- 
traction of 3.8 percent.: 2CCiA, i>ice "oersa, an expansion 'of vol- 
ume takes place when diluted alcohol is mixed with water : 
e. g., when 100 volumes of alcohol, of a spec, grav, of 0,966, 
containing 28 per cent., by volume, of real alcohol, are mixed 
with 50 volumes of water, 153 volumes will be obtained. 

The percentage of real alcohol in its aqueous dilntions can 
he determined approximately, hut accurately enough for any 
practical purpose, by ascertaining its specific gravity at a 
known temperature. The specific gravity "of any sample of al- 
cohol estabUshed will, by the aid of the following table, at 
once indicate the percentage of real alcohol : 
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Since, however, the temperature exercises a, considerable 
expanding and contracting influence upon alcohol and its dilu- 
tion with water, it ia necessary to ascertain, eiinultaneously 
with the specific gravity, also the temperature of the sample ; 
for this reason, the areometers (Alcoholometers) constructed 
for measuring the density of alcohol are provided with a ther- 
mometer, and differences in the temperature of the alcohol 
under estimation may readily be corrected hy calculation based 
upon this rule : The number of degrees of temperature of the 
alcohol above or below 15° must be multiplied hy four-tenths ; 
the product is then to be added to the percentage of the real 
alcohol indicated by the specific gravity, when the sample was 
cooler than 15° C, and subtracted, when it was warmer. 

If, e. g., the spec. grav. of a sample is found to be 0.8G0, at a tempera- 
ture of 5° C, its percentage of real alcoliol would be, according to tlie 
above table, 81 per cent., by volume; since, however, the alcohol was 
weighed at temperature 10° lower than the standard temperature of the 
above table, its den^ty was accordingly greater. Therefore, in order to 
correct this difference, 10 has to be multiplied by fonr-tenths; the product 
(= 4) must be added to the percentage of alcohol (81) inferred from the 
spec, grav., and the sum (= 83) espressos the real quantity of alcohol in 
100 parts by volume. 

Ezamination : 

]fu8elroU (a mixture of ethyl and amyl alcohols, containing 
traces of propylic, butylic, and other alcohols) and aldehyde 
may be detected by mixing about half an ounce of the alcohol 
with an equal volume of pure ether, and by subsequently add- 
ing an amount of water equal to tbe volume of the mixture ; 
the whole is shaken, autl, when subsidence has taken place, the 
ethereal layer is decanted and evaporated at the common, or at 
a slightly-raised, temperature. After the evaporation of the 
ether, the remainder will give the characteristic odor of fusel 
oil, or of any flavors indicative of a previoBS employment of 
the alcohol for the extractidn of vegetable substances. 

Methyl AlcoIiol, — Among the several methods for the detec- 
tion of methylic alcohol as an admixture in ethyl alcohol, the 
following is least open to objection : Thirty gi-ains of powdered 
potassium bichromate are dissolved, in a little flask, in half an 
ounce of water; 25 drops of concentrated sulphuric acid, and 
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eubseqiieiitly 40 drops of the alcohol under examination, are 
added, and t!ie flask closed with a cork provided with a deliv- 
ery-tube, leading into a large test-tnbe, cooled in ioe- water (Fig. 
42). After allowing the mixture to stand for about a quarter 
of an hour, the flask is gently warmed until about half a fluid- 
ounce of distillate is obtained; the distillate is then slightly 
over-saturated with a little crystallized sodium carbonate, and 
evaporated to the bulk of about oiie-quai'ter of an ounce ; when 
cool, it is filtered into a small test-tube, and then slightly orer- 




saturated with a lew drops of acetic acid ; 20 drops of solution 
of argentic nitrate (1:20) are then added, and the mixture 
gently heated for a few minutes. If tlie liquid merely darkens 
a little, but continues quite translucent, the alcohol is free from 
methylic alcohol ; hut, if a dark-brown or black precipitate of 
reduced silver separates, and the test-tube, after being rinsed 
and filled with water, shows upon its interior a brilliant metal-, 
lie resplendence, which, when seen against white paper, ap- 
pears brown by transmitted light, the alcohol is methylated. 
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AI.COHOI. AUTUOUIL 

Amelia Alcohol. I'tisel-Oil. 

A colorless or pale-yellow, mobile, oily liquid, of a strong, 
offensive odor, and acrid, burning taste ; its spec, grav. is 0.818 
and its boiiing-point between 132° and 133° C. ; it solidifies at 
about — 22° 0. When dropped upon water, it floats upon the 
surface like an oil. Fusel-oil requires about 40 parts of water 
for solution ; it is miscible, in all proportions, with alcohol, 
ether, eai-bon bisulphide, chloroform, and essential and fatty 
oils; it dissolves iodine, sulphur, phosphorus, camphor, and 
resins. Three parts of amylic alcohol mixed with two parts of 
concentrated sulphuric acid, form a purple mixture, fi-om which 
the alcohol separates unaltered upon dilution with water ; when 
the mixture, however, has been allowed to stand for several 
hours, amyl-sulphuric acid is I'onned, which is soluble in water. 
"When a mixture of amylie alcohol with strong sulphuric acid ia 
heated with a fragment of potassium bichromate, the odor of 
valerianic acid is evolved, Amylie alcohol does not tate fire 
by contact with a flame, and, when dropped on paper, does not 
leave a permanent greasy stain. 



AI,UMINII ET POTASSil SULPHAS. ALUMINH ET AMMONII SULPHAS. 



Colorless, transparent, octahedral crystals, which often ex- 
hibit the faces of a cube, permanent in the air ; when exposed 
to heat, they undergo aqueous fusion at about 100° C, and, at 
a stronger heat, lose their water of crystallization, and swell up 
to a white porous mass, which, when moistened with a few 
drops of solution of cobaltous nitrate and reheated, assumes a 
blue color. 

Alum ia soluble in 25.3 parts of water at 0° C, and in about 
15 parts of cold, and in its own weight of boiling, water ; it is 
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also soluble in glycerin, but insoluble in alcohol, ether, and 
cbloroform. Its solution has a sweetish, astringent taste, red- 
dens litmus-paper, and gives a bulky white precipitate with 
the alkaline hydrates, of which that with potassium or sodium 
hydrate is soluble in an excess of the reagent, hut it is repre- 
eipitated by ammoaium chloride ; the alkaline carbonates and 
phosphates, and solutions of barium salts, also throw down 
white precipitates. 

Most commercial alum is a mixture of ammonium and po- 
tassium alum, the former being substituted, to a greater or less 
extent, for the latter; since their properties are almost the 
same, this admixture is of little consequence in the common 
uses of alum. Potassium alum consists, in 100 parts, of 18,39 
parts of potassium sulphate, 36.14 parts of aluminium sulphate, 
and 45.47 parts of water of crystallization ; while ammonium 
alum contains, in 100 parts, 14.58 of ammonium sulphate, 
37.83 of aluminium sulphate, and 47.59 of water of crystalliza- 
tion. The presence of ammonium alum is recognized by the 
odor of ammonia, and by its reaction upon moistened red test- 
paper, and with a glass rod moistened with acetic acid, when a 
little of the powdered alum is heated in liquor potassse. 

Hzamination : 

Iron is recognized ia the solution of alum, after the addi- 
tion of a few drops of sulphuric acid, by a blue coloration when 
tested with potassium ferrocyanide ; most crude alum contains 
traces of ferric salts ; their quantity, however, should not be so 
considerable as to produce a purple coloration of a solution of 
the alum upon the addition of a few drops of solution of tannic 
acid. 

Other metaUio impurities may be detected in the solution, 
after addition of a little tartaric acid and subsequent over-satu- 
ration with liquor potass^, by ammonium sulphydrate; a dark 
coloration or precipitate indicates metallic impurities; a white 
precipitate, not disappearing upon addition of potassium hy- 
drate, would show sine. If required, the nature of such pre- 
cipitate may be determined by the method described on pageo 
41 to 43. 
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AI.UMINII SULPHAS. 

ALUMIKIUM SULPnURICUM. 

Aluminium Sulphate. 

A white crystalline powder, or small pearly plates, of a sour- 
sweet and astringent taste, permanent in the air ; when exposed 
to heat the salt fuses, loses at first the water of crystallization, 
and, at a strong heat, the sulphuric acid also, leaving behind 
aluniiniimi oxide (alumina or argiila), which, when moistened 
with solution of cobaltous nitrate and reheated, ^snmes a 
blue color. 

Aluminium sulphate is soluble in twice its weight of cold 
water, forming a clear solution, of an acid reaction and astrin- 
gent taste, which affords a bulky white precipitate with the al- 
kaline hydmtes, of which that with the fixed hydrates is soluble 
in an excess of the precipitant (evidence of the absence of mag- 
nesium), but is precipitated again upon addition of ammonium 
chloride. The alkaline solution should yield no reaction upon 
the addition of a few drops of ammonium sulphydrate ; the oc- 
cnrrenec of a brown or yellowish-red precipitate would indicate 
ferric and manganic salts, and of a white one, zinc. 



AfflMOHTE BEKZOAS. 
AMMONIUM BENZOIGUM. 
Seneoate of Ammormmi,. Ammonium, Benioate. 
Small, colorless, shining, thin, four-sided, tabular crystals, 
deliquescent in the air, and having a feeble odor of benzoic 
acid, and a saline, somewhat balsamic, and bitterish taste. 
When heated, the salt sublimes without residue. It is soluble 
in water, glycerin, and alcohol ; its aqueous solution, if not too 
dilute, emits the odor of ammonia when heated with potassium 
hydrate, and givra a white precipitate of benzoic acid upon ad- 
dition of hydrochloric acid, and a copious, pale, reddish-yellow 
precipitate with ferric salts. The diluted solution of ammo- 
nium benzoato must remain clear when mixed with lime-water 
(evidence of the absence of ammonium oxalate). 
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AMMONIUM BROMATUM 
of Ammoniv/m. Atnmon 

Colorless, transparent, anhydrons cryatala, or a granular 
salt, which, by the action of the atmospheric oxygen, gradually 
becomes yellow ; entirely volatile by beat, and subliming un- 
changed. 

Ammonium bromic^e is soluble in IJ part of cold water, in 
about 15 parts of alcohol, and but sparingly in ether. Its solu- 
tion has a saline, pungent taste, is neutral, and, when dropped 
into a dilute solution of argentic nitrate, acidulated with a few 
drops of nitric acid, gi^es a white, curdy precipitate, soluble 
npon addition of aqua ammonife ; when dropped into a very 
dilute solution of mercuric chloride, no reaction takes place 
(distinction from alkaline iodides). When the aqueous solution 
is mixed with a little mucilage of starch, and afterward with a 
little chlorine-water, a yellowish coloration takes place, wiiich 
will transfer its color to chloroform, ether, or carbon bisul- 
phide, when added and agitated with the solution, A blue 
tint upon the addition of the chlorine-water, and a violet or 
reddish coloration of the chloroform, would indicate iodides. 
Heated with potassium hydrate, it emits the odor of ammonia. 

Examination ; 

Ammoniwm Iromaie ia detected in the aqueous solution by 
an ensuing red coloration upon the addition of concentrated 
hydrochloric acid. 

Ammonium chloride, as an admixtnre, may approximately 
be ascertained by .completely precipitating a solution of 10 
grains of the dry crystallized salt in one ounce of water, acidu- 
lated with nitric acid, by a solution of argentic nitrate; the 
precipitate is collected upon a moist double filter, both being 
of equal size, is washed, dried, and, when conipletely dry, 
weighed, the one filter serving to (?ounterpoise the other one, 
which contains the precipitate ; if the salt was pure ammo- 
nium bromide, the obtained argentic bromide must weigh 
19.15 grains ; if it contained alkaline chloride, the weight will 
be greater in proportion to the quantity of the latter. 
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AHLStOHni OABBOKAS. 

AMMONIUM CARBONICUM. 
Carbonate «/ Ammonium. Ammonium Sesqui-earbonaU. 

Colorless, hard, translucent, crystalline masses, of a strong 
ammoniacal odor, completely volatile, without fusion, when 
heated ; exposed to the air, the salt decomposes rapidly, giving 
off water and ammonium hydrate, and ie converted into a 
white, opaque, pulverulent mass of ammonium bicarbonate, 
which requires eight parts of cold water for solution, while the 
sesqui-earbonate dissolves in four parts of water. Ammonium 
sesqui-carbonate is soluble in about five parts of glycerin ; it is 
but spai-ingly soluble in alcohol, and dissolves in acids with 
effervescence ; one drachm of the salt requires for saturation 
71.16 grains of citric, and T6.26 grains of tartaric, acid. 

Yolv/mei/rio SstirnMiort, see page 58. 



Ammoniwn iicarbonate is already indicated by the change 
of the hard crystalline state of the salt into the soft one ; it is 
farther recognized by agitating one drachm of tho triturated 
salt with from five to six drachms of cold water ; in this case, 
pure seaqui-carbonate renders a clear solution, while the bicar- 
bonate will not dissolve until two or three more drachms of 
water have been added. 

Ammonium sulphate is detected in the aqueous solution, 
over-saturated witii nitric acid, by a white precipitate with ba- 
rium nitrate. 

Anrnioniwn chloride and hyposulphite are recognized in 
the aqueous solution, over-saturated with acetic acid, by testing 
it with argentic nitrate; a white precipitate, inaohible in di- 
luted nitric acid, will indicate chloride ; a white turbidity, 
which gradually turns black, indicates hyposulphite. 

Metals are detected in the aqueous solution, over-saturated 
with nitric acid, by hydroaulphuric acid. 
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AMMONU CHLORIDtJM. 

AMMONU MUEIAS. AMMONIUM CHLORATOM. SAL AMMOKrACDM. 

Ammonitim Chloride. 

A colorless anhydrous salt, either in translucent, crystalline 
masses, of a tough fibrous texture, or in small cubic or octahe- 
dral eryetals, or a {franiilar white powder. When heated, the 
salt volatilizes witiiout fusion or decomposition, and condenses, 
upon cooling, in thick white fumes ; it yields a white and soft 
streak when scratched with a knife ; and remains white, and 
evolves the odor of ammonia, when moistened with liquor po- 
taSBse. 

Ammonium chloride ie soluble in three parts of cold, and in 
its own weight of boiling, water, and in about six parts of glyc- 
erin, but only sparingly in alcohol, and not at all in ether or 
chloroform; its aqueous solution has a sharp, saline taste, red- 
dens blue litmuB-paper, emits the odor of ammonia when heat- 
ed with liquor potassas, and forms a copious, curdy, white pre- 
cipitate with argentic nitrate, 



Sulphates are detected in the diluted solution by a white 
precipitate, when tested with barium nitrate. 

Fixed impurities are indicated by a residue left after com- 
plete volatilization of the ammonium chloride, upon platinuni- 
tbil OT in a porcelain crucible. 

Metallic impurities may be detected in the aqneous solution 
by a coloration or precipitate when tested with hydrosnlphurie 
acid, and by subsequent addition of aqua ammouise ; if a pre- 
cipitate be formed with the first reagent, it is collected upon 
a filter, after several hours' digestion, and the filtrate is then 
rendered alkaline with ammonium hydrate; if a second pre- 
cipitate be then formed, it is also collected. Thafirst precipi- 
tate may contain tin, copper, and zinc; the second one, iron 
and manganese ; if required, they may be discriminated by the 
methods described on pages 41 to 43, 

Iron may also be recognized at once by a bine coloration, 
when the solution of the salt is acidulated with hydrochloric 
acid, and tested with potassium ferrocyanide. 
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AWMONII lODIDtrm. 

AMUONIITH lODATUM. 

Iodide of Ammonium. Ammonium Iodide. 

A white, granular, crystalline salt, which, wlien exposed to 
the air, beeomea yellowish or reddish brown, from oxidation 
and consequent liberation of a minute quantity of iodine. 
When heated, it is completely volatilized with the evolution 
of purple vapors. 

Ammonium iodide is very soluble in water, and freely solu- 
ble in alcohol (distinction from ammonium and potassium 
bromides, which are less soluble in alcohol) ; its solution has a 
pungent, saline taste, and emits the odor of ammonia when 
heated with liquor potassie; it yields a red precipitate with 
mercuric bichloride, and a yellowish-white one with argentic 
nitrate, which latter precipitate remains unchanged upon the 
addition of dilute nitric acid and of aqua ammonire; the solu- 
tion assumes a blue color upon tiie addition of mucilage of 
starch and a little chlorine-water. 

Examination : 

An admixture of alkaline iodides, bromides, or chlorides, is 
approximately recognized, when a concentrated aqueous solu- 
tion of the salt is dropped into strong alco]iol ; the h'quid must 
remain clear; the separation of a white crystalline powder 
would indicate such an admixture. 

Chlorides and bromides are detected by completely precipi- 
tating the solution of the salt with argentic niti'ate, and by sub- 
sequent addition of aqua ammonise; the filtrate is then over- 
saturated with nitric acid ; a slight turbidity may take place ; 
a white precipitate would indicate chlorides and bromides. In 
this case, and in order to distinguish argentic chloride or bro- 
mide, the precipitate is collected and washed-upon a filter, and 
is then rinsed through the pierced filter into a test-tube ; the 
supernatant water is decanted as far as practicable, and good 
chlorine-water is poured upon and agitated with tlio silver salt. 
This will remain unchanged if it consists of argentic chloride, 
but, if it contains argentic bromide, the chlorine- water assumes 
a yellowish or reddish color, which will also bo absorbed by 
chloroform, when agitated with the liquid. 
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ate may be detected in the diluted Bolutiou, acidulated 
with tartaric acid, by a white precipitate upon the addition of 
a few drops of barinm nitrate. 



AlOIOail HITSAS. 

AMMONIUM NITRICUM, 

Nitrate of Atiyinomwrn. Awmkoniu-m, Nitrate. 

Long, flexible needles, or a fibrous crystalline mass, when 
obtained by crystallization above 40° C, and large six-sided 
prisms, terminated by six-sided pyramids, when crystallized at 
a temperature below 38° 0. ; they contain four molecules of 
water of crystallization, which evaporates slowly at common 
temperatures. Exposed to the air, ammonium nitrate deli- 
i slightly, loses ammonium hydrate, and becomes acid ; 
9 at 108° C, commences boiling at 180° C, and between 
210° and 340° C. it is resolved and entirely volatilized into 
watery vapor and nitrous-oxide gas. When heated rapidly, 
ammonium hydrate, nitric oxide, and ammonium nitrite, are 
also formed; when thrown upon a red-hot surface, it bums 
with a slight noise and a pale-yellow flame ; in contact with 
heated combustible matter, it deflagrates, like all nitrates. 

Ammonium nitrate dissolves in about half its weight of cold 
water, producing considerable depression of temperature ; it is 
also soluble in twice its weight of alcohol, bo that its concen- 
trated aqueous solution remains perfectly limpid upon addition 
of strong alcohol. Its aqueous solution emits the odor of am- 
monium hydrate, when heated with liquor potassas ; and when 
mixed with a few drops of a solution of ferrous sulphate, and 
carefully poured upon concentrated sulphuric aeid,-it aiFords a 
dark zone at the junction of the liquids, characteristic of the 
oxides of nitrogen. 

Examination : 

Ammonium chloride and sulphate may be detected by white 
precipitates, when the dilute aqueous solution of the salt is 
acidulated with nitric aeid and tested in separate portions, with 
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argentic nitrate for the former salt, and with barium nitrate 
for the latter. 



ABOtONII PH0SPHA9. 

AMMONIUM PHOSPHORICUM. 

P}io6phate of Ammonium. Tri-^asic Aiamonium Phosphate. 

Transparent, colorless prisms, efflorescent in the air ; when 
heated upon platinum-foil, ammonium hydrate, and suhae- 
quently thick, white vapors of pliosphoric acid, are evolved, 
and the salt is wholly dissipated at a red heat. When treated 
with liquor potassfe, ammonium hydrate is given oif. 

Ammonium phosphate is readily and freely soluble in water, 
but insoluble in alcohol; its solution is slightly alkaline, but, 
■when the salt has been exposed to the air or is old, the solution 
is neutral, or even acid, from the loss of ammonium hydrate; 
this reaction, with the formation of an acidulous ammonium 
phosphate, takes place when the alkaline solution of the salt is 
boiled. 

With solution of argentic nitrate, the diluted solution of 
ammonium phosphate gives a yellow precipitate, soluble upon 
addition of ammonium hydrate, as well as of nitric acid. It 
must give no reaction with ammonium sulphydrate, and, after 
acidulation with diluted hydrochloric acid, none with hydro- 
sulphuric acid or with barium chloride. A precipitate with 
the first two reagents would indicate metals^ a white precipi- 
tate with the latter reagent, insoluble in diluted nitric acid, 
would indicate sulphate. 

If a solution of twenty grains of ammonium phosphate is 
completely precipitated with solution of ajnmoniated magne- 
sium sulphate, and the precipitate collected and washed upon 
a filter with diluted aqua ammoniifi, dried, and subsequently 
heated to redness in a tared porcelain crucible, the residue 
obtained must weigh 1G.8 grains. 



by Google 



ANTIMONIUM. 131 

ASLUONII VAX.ESIANAS. 

AMMONIUM VALERIANICUM. 

Valerianate of Ammonium. Ammonium Valerianate. 

Colorless, transparent, quadrangular plates, or a white, 
translucent, crystalline mass, with the odor of valerianic acid. 
When heated, the salt nielta and emits vapors of the odor of 
ammonium hydrate and of valerianic acid ; at a stronger heat 
it becomes black, with the evolution of pungent, inflammable 
vapors, and is at last wholly dissipated. It is decomposed, and 
emits the odor of ammonium hydrate, when heated in liquor 



Ammonium valerianate is deliquescent in moist air, and is 
freely soluble in water, glycerin, and alcohol; its aqueous solu- 
tion, if not very dilute, separates, upon super-saturation with 
acids, an oily layer of valerianic acid. The underlying aqueous 
liquid, when nearly saturated with aqua ammonife, must not 
become red upon the addition of one drop of dilute solution of 
ferric chloride, for in this case acetic acid {admixture of potas- 
sium or sodium acetate) would be indicated, whicli may also 
be recognized by a fixed residue upon complete dissipation of 
the salt upon platinum -foil, which residue will effervesce when 
moistened with one drop of concentrated hydrochloric acid. 



ANTIfflOHn ET POTASSn TAETEAS. 



Tartar Bmetie. Potasaio-antitnonious Twrl/rate.^ 

Colorless, transparent, triangular-faced crystals, or a white 
powder. The crystals contain one molecule (3,7 per cent.) of 
water of crystallization ; they effloresce slightly when exposed 
to the air, and lose their water of crystallization completely at 
110° C, becoming white and opaque; when heated, they de- 
crepitate and blacken ; when powdered and heated in a dry 
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test-tube, tartar emetic emits sour empyreumatic vapors, and 
leaves a charred residue which, wlieii cool, turns moist turmeric- 
paper brown ; when the residue is placed upon charcoal and 
heated before the blow-pipe, white fumes are evolved, coating 
the coal, and brittle globules of antimony are formed. 

Tartai' emetic dissolves in about 15 pai-ts of cold, and 2 to 
2^ parts of boiling, water ; it is almost insoluble in alcohol. 
Its solution has a nauseous metallic taste, a slightly acid reac- 
tion upon blue litmus-paper, and gradually decomposes if not 
containing a small addition of alcohol ; it is decomposed botli 
by acids (except acetic, tartaric, and citric acids) and by alfca- 
line hydrates ; anexcessof the latter redissolves the precipitate; 
it is also precipitated by all soluble carbonates, but not by bicar- 
bonates. Hydroaulphuric acid produces an orange-red colora- 
tion in concentrated solutions of tartar emetic, and gradually 
a precipitate of the same color ; in very dilute solutions, only 
a coloration takes place ; but, upon warming, or upon the 
addition of an acid, or when the tartar emetic ia contaminated 
with potassium bitartrate, a turbidity ensues immediately. 

Solution of tartar emetic reduces a solution of mercuric 
chloride to mereurous chloride, gradually at common temper:i- 
tures, and quickly at elevated ones. 

Examlnatioii : 

Arsenie is indicated by the garlic-libe odor when about 10 
grains of the powdered tartar emetic are charred in an iron 
spoon, or in a porcelain crucible, and subsequently heated to 



If the result of this test be doubtful, or coniirmatory evi- 
dence be required, about 10 grains of the finely-powdered tar- 
tar emetic are dissolved in a test-tube in about three iiuid- 
drachms of concentrated hydrochloric acid, to which from 30 
to 50 drops of water have been added ; then a few pieces of tin- 
foil (real tin), or, if this be not at hand, about 25 drops of con- 
centrated solution of stannous chloride, are added to the solu- 
tion, and this boated to boiling ; the liquid must remain clear 
and colorless on cooling; a brown turbidity or precipitate 
would indicate arsenio. 

Chlorides and sulphates may be detected in the aqueous 
solution of tartar emetic, to which a little tartaric acid has 
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been added, by testing it in separate portions, with argentic 
nitrate for tlie former, and barium nitrate for the latter. A 
white precipitate in either instance would indicate the re- 
spective impurity. 

Potaasium Bitartrate. — An admixture of this salt may be 
approximately recognized by the difference of the solubility of 
tartar emetic (1.15) and of cream of tartar (1.184) in cold 
water ; when, therefore, one part of the tartar emetic is agitated 
with 16 to 18 parts of warm water (27 grains of the former in 
one ounce of the latter), a complete solution must take place, 
and remain unchanged after cooling. If cream of tartar be 
present, it will separate in 
Email crystals. 

The absence of any admix- 
ture of potassium bitartrate or 
other salts may be established 
either by completely precipi- 
tating an aqueous solution of 
20 grains of tartar emetic 
with hydrosulph uric- acid gas, 
whereby a precipitate is ob- 
tained which, when collected, 
washed, and completely dried 
upon a tared filter, must 
weigh 9.91 grains ; or by 
Yolumetiie estimation of a 
solution of one gramme of 
tartar emetic in 30 grammes 
of water, to which have been 
added 5 grammes of a satu- 
rated solution of potassium 
bicarbonate, and subsequent- 
ly a little mucilage of starch. 
To this solution, test-solution 
of iodine is added from a bu- 
rette (Fig. 43), with constant 
gentle agitation of the liquid, 

until this just acquires a fixed blue tint. The quantity of io- 
dine required, multiplied by 1.315, gives as product the quan- 




by Google 



134 MAKUAL OF CHEMICAL ANALYSIS. 

tity of potasaio-antimonioTis tartrate contained in one grammo 
of the tartar emetic. If tlie tartar emetic was pure, 60 centi- 
metres of the test-solution must have been required for the 
reaction. 



AMTIMOMTI OXIDTJM. 

ANTIMONIUM SEU STIBIUM OXTDATCM. 

Oxide of Antimony. Antimonioua Owide. 

A grayish-white or pale-buif powder, wlien obtained by 
precipitation ; or email, colorless, transparent, brilliant needles, 
when obtained by sublimation (Tlores Antimonii). When 
heated, antimonious oxide heeomes yellow, and fuses at a dull- 
red heat, forming a yellowisii liquid, which solidities, on cool- 
ing, into a crystalline mass of a pearl color ; at a stronger heat, 
it volatilizes iu white vapors; when mixed and heated with 
exsiccated sodium carbonate on charcoal before the blow-pipe, 
antimonious oxide is reduced, forming glohules of metallic 
antimony which are brittle when cold. 

Antimonious oxide is insoluble in water and in aqua animo- 
nife, sparingly soluble in nitric and in acetic acid, but readily 
soluble in warm hydrochloric acid, in warm liquor potassfe or 
sodfe, and in solutions of tartaric acid, and the alkaline tar- 
trates. Its acid solutions afford an orange-red precipitate with 
hydros ulphnric acid ; its solutions in the fixed altaline hydrates 
are not acted upon hy this reagent (distinction from alkaline 
solutions of salts of lead and zinc), but, with argentic nitrate, a 
black precipitate is formed, insoluble upon addition of ammo- 
nium hydrate. 

Examination : 

Antimonio oxide would be indicated by a turbidity on dis- 
solving the oxide in warm hydrochloric acid. 

Antimomous oxy-chloride (Algaroth's Powder) is indicated 
by a white precipitate, when a diluted solution of the oxide in 
an excess of tartaric acid is tested with ai^entic nitrate ; its 
presence may be confirmed by digesting a littJe of the oxide for 
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aboat one hour with a dihite sohition of sodium eai-bonate, and 
by testing the subsequent filtrate, after over-saturation with 
nitric acid, with argentic nitrate. 

Arsenic is recognized by the garlic-lihe odor, when a little 
of the oxide is mixed and subsequently fused and reduced upon 
charcoal before the blow-pipe. Its presence may be confirmed 
by dissolving about 10 grains of the oxide in about 3 fluid- 
drachms of concentrated hydrochloric acid, and by heating the 
solution either with a small piece of real tin-foil, or with about 
20 drops of a concentrated solution of stannous chloride, A 
brown turbidity would indicate arsenic. 



ANTIIIIOmi OXT-SULPHURETUM. 
ANTIMONIUM OXY-SDLPHUBATUM. STIBIUM SULPHUEATUM EUEEUM. 
Mineral Eermes. SulpTiurateA Antimony. Antimonious Oxy-^iilpMde. 

An insipid powder of a dark brich-red color, becoming 
gi'adually lighter by the action of air and light. It is a mix- 
ture of antimonious sulphide with a small and variable amount 
of antimonions oxide, the former appearing nnder the micro- 
Bcope in amorphous globules, or lamiuje, and the latter in small, 
colorless crystals, or fragments of such. . When heated upon 
charcoal before the blow-pipe, mineral kermes fuses and burns 
away, with the evolution of white fumea, and the odor of sul- 
phurous acid ; heated with the addition of a little dried sodium 
carbonate, brittle globules of antimony are obtained. 

Antimonious oxy-sulphide is insoluble in water and alco- 
hol, but readily and wholly soluble in hydrochloric acid, which 
solution, after the hydrosulphuric acid has been completely 
expelled by heat, gives a white precipitate when dropped into 
water, which, however, is redissolved upon the addition of tar- 
taric acid ; this solution yields an orange-red precipitate with 
hydrosulphuric acid. 

Antimonious oxy-sulphide is only slightly soluble in amnio- 
nium hydrate, but warm liquor potassEC dissolves the greater 
part of it, leaving behind the antimonious oxide, which may be 
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washed in water and dissolved in solution of tartaric acid. If 
these solvents are employed in the reversed order, the oxide 
may he extracted first, leaving behind the sulphide, now com- 
pletely soluble in liquor potasste. 

P.Tffi.-miTifl. t.imi ; 

About half a drachm of Itermea is agitated with about two 
drachms of water ; the filtrate must not affect either blue or 
red litmus-paper, nor leave a residue when evaporated upon 
platinum-foil (though, when potassium carbonate has been em- 
ployed instead of sodium carbonate in the preparation of the 
kermes, the solution generally contains traces of potassium salt, 
and leaves a small fixed residue), 

Aniifn<miou8 Oxide. — The remaining kermes of the preced- 
ing test is rinsed, with a little tepid water, through the pierced 
filter into a test-tube ; about 10 grains of tartaric acid are 
added, and the mixture agitated for a few minutes ; it is then 
ii'ltered, and hydros ulphuric acid added to the filtrate. The 
ensuing turbidity will he in proportion to the quantity of anti- 
moniouB oxide contained in the kermes. 

Arseivio may be detected by dissolving about 10 grains of 
the kermes in about 3 fluid-drachms of hot hydrochloric acid ; 
the solution is boiled until the odor of hydrosulphuric acid 
entirely ceases, and is then filtered ; one fluid-draehm of hydro- 
chloric acid and a piece of tin-foil (real), or about 25 drops of a 
concentrated solution of stannous chloride, are now added, and 
the mixture heated ; it must remain clear, as a brown turhid- 
ity would indicate the presence of arsenic. 

The following confirmatory test may also be employed : 
Half a drachm of the antimonious oxy-sulphide and six flnid- 
drachms of hydrochloric acid of 1.12 to 1.15 spec. grav. are 
introduced into a small flask, which is provided, hy means of a 
twice-perforated cork, with a funnel-tube reaching nearly to 
the bottom of the flask, and with a long delivery-tube, the end 
of which dips into a little hydrochloric acid in a long test-tube 
cooled in ice-water (Fig. 44). Heat is applied to the flask un- 
til gentle boiling ensues, and this is continued until nearly half 
of the liquid has distilled- over, the orifice of the delivery-tube 
being constantly kept below the level of the acid. If arsenic 
be present, a yellow deposit within the delivery-tube above the 
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recipient, and a turbidity of the hydrochloric acid and distil- 
late in the receiving-tnbe, will occur, which latter appears at 
first white, but gradually, when allowed to stand in the corked 
test-tube, becomes a yellow, floeculent precipitate. 




If the precipitate be considerable, it shuuld he collected 
upon I hltei washed with a few drops of w ater, dried, and 
transfened, ■svith a little potas^mm tjinide, into a dry reduc- 
tion tube ^hen the humidity 11 expelled liy a gentle heat, 
strungei heat is ipplied to produce the aj'semc mirror. 

Admixtiirea offeim. or ferroui, oxides are readily detected 
by an infusible brown residue when the mineral Icermes is fused 
upon charcoal before the blow-pipe ; and in the solution of the 
kermes in hydrochloric acid, if, when diluted and filtered, it 
yields a deep-blue turbidity upon the addition of potassium 
ferrocyanide. Admixtures of powdered silicates (brick-stone, 
etc.) remain unfused before the blow-pipe, and undissolved in 
hydrochloric acid. 
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ANTTKONU SULPHUBETUM NIGEtJM. 



JTttKse Sulphide of Antimony. Tri-aulphide of Antimony. Antimonious 
SulpMde. 

TIeavj' fused masses which, when broten, present a striateil 
crystalline texture, and a lead-gray metallic brilliancy ; when 
pulverized, they form a- dark iron-gray powder. Spec. grav. 
about 4,6. Wben heated upon charcoal before the blow-pipe, 
black antimonioua sulphide fuses and buma, emitting thick 
white fumes and the odor of sulphurous acid ; when mixed witli 
some dried sodium carbonate and potassium cyanide, and heated 
in the same way, metallic globules are obtained, which are 
brittle when cooled. 

Black atitimonious sulphide, when reduced to a fine pow- 
der, is soluble in concentrated boiling hydrochloric, nitric, and 
sulphuric acids, and in a strong boiling solution of potassium 
hydrate. The solution in hydrochloric acid, when dropped 
into water, produces a copious white turbidity, which turns 
orange-red upon addition of hydrosulpburie acid (a brown or 
black color of the precipitate would indicate the presence of 
lead or other metals). 

The native antimonious sulphide generally contains sul- 
phides of iron, lead, copper, and arsenic; and there are also 
found, especially in the commercial black powder, silicates and 
mineral admixtures. 

Examination: 

Arsenic may be detected by dissolving about 15 grains of 
the black antimonious sulphide in 3 fluid-drachms of boiling 
concentrated hydrochloric acid ; when the hi'drosulphurie acid 
is expelled by continued boiling, the solution is Altered into a 
test-tube, and the filtrate, after tlie addition of 1 fluid-drachm 
of concentrated hydrochloric acid and about 20 drops of a con- 
centrated solution of stannous chloride, is heated to boiling ; a 
brown turbidity would indicate arsenic. 

Arsenic and Lead. — Another test for arsenic may be com- 
bined with that for lead, Haifa drachm of the black antimo- 
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iiious Bulphide is treated with 6 drachms of hydrochloric acid 
in exactly the Baine mode as described on page 136, the opera- 
tion, as -weJl as the process, being the same. If the sulphide 
contains any arsenic, a yellow deposit will be formed in the de- 
livery-tube, and the hydrochloric acid of the receiver will show 
a turbidity, whiuh is at first white, but becomes gradually a 
yellow fioccalent precipitate. If the sulphide contains lead, 
this will be indicated in the remainder in the flask, by the for- 
mation of small white needles after cooling, which will increase 
in quantity upon the addition of a dilute solution of tartaric 
acid. They may be collected upon a filter, washed with cold 
diluted hydrochloric acid, and subsequently dissolved upon the 
filter in boiling water ; the obtained filtrate is, if necessary, 
refiltered until clear, and is then tested for lead in separate 
portions, by sulphuric acid, by potassium iodide, and by hydro- 
sulphuric acid. 

Metals may be detected in black antimonious sulphide by 
dissolving a little of it in boiling nitric acid ; the solution is 
diluted with about four times its bulk of water, is filtered until 
clear, and is then tested in separate portions with one drop of 
sulphuric acid for lead, with potassium ferrocyanide for iron, 
and by over-saturation with ammoniimi hydrate for e<ypper ^ in 
the latter test the liquid has to be filtered, if necessary, and the 
filtrate will have a bluish appearance, if copper is present. 

Admixtures of black manganic peroxide, of pyrites, and of 
other crude minerals, are recognized by dissolving the black 
powder in boiling hydrochloric acid ; the first-named gives rise 
to the evolution of chlorine, the latter remain mostly undis- 
solved. 

The artificially-prepared blaok antimonions sulphide eon- 
tains frequently more or less metallic antimony, which may be 
recognized by its insolubility in warm hydrochloric acid, re- 
maining behind in minute hrilliant iron-gray particles, which, 
however, dissolve upon the addition of potassium chlorate. 
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ANTIWONH SULPHUSBTUm ATTEANTIACUM, 



Golden Sulphur. Penfa-aulphide of Antimony. Antimonie Sulphide. 

A fine orange-red powder,* nearly odorless and tasteless, 
becoming gradually paler colored by the aetioti of air and light; 
when heated in a dry test-tube, it gives off sulphur, leaving be- 
hind black antimonious sulphide; when heated upon charcoal 
before the blow-pipe, it burns away with a pale, bluish iiame, 
emitting the odor of sulphurous acid, and causing a white in- 
crustation of the coal, 

Antimonie sulphide is insoluble in water and alcohol, and 
in diluted mineral acids. When treated with ten to fifteen 
times its weight of warm concentrated hydrochloric acid, it dis- 
solves for the moat part with effervescent evolution of hydro- 
sulphuric acid, leaving behind a scanty residue of red-colored 
sulphur ; the solution, when deprived of the hydrosulphurie 
acid by heat, produces, when dropped into water, a white tur- 
bidity, disappearing upon the addition of tartaric acid, which 
solution is precipitated orange-red by ammonium sulphydrate. 

Antimonie sulphide is completely soluble in potassium 
hydrate; triturated with a little water, and added to solutions 
of ammonium hydrate or alkaline carbonates and digested for 
some time, it is nearly or completely dissolved ; if a small 
residue is left, it will dissolve in solution of tartaric acid. 

Examiaation : 

Half a drachm of the antimonie sulphide is triturated with 
one ounce of tepid water and agitated for about ten minutes ; 
after subsidence, the supernatant water should not act upon 
neutral litmus-paper, nor leave a residue upon evaporation, nor, 
when acidulated with a few drops of nitric ^cid, yield a white 
turbidity, either with barium or with argentic nitrate. 

Antimonious oxide may be detected in the sulphide left in 
the preceding test, by adding a few grains of tartaric acid and 
agitating the mixture for a few minutes ; the subsequent filtrate 

■ The color ia the brighter and lighter, the more dilute the soluUon was from 
which it Is precipitated, and the darker, the more concentrated it was. 
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ia then tested with hj-droaulphuric acid ; the occurrence of an 
orange-red turbidity or precipitate would indicate antimonious 
oxide. 

Antimonious Sulphide. — A small portion of the golden 
sulphur, treated with solution of tartaric acid, and left in the 
flask or test-tube, is washed, and then repeatedly treated with 
ammonium hydrate ; complete solution mu&t enoue, ia a brown 
remainder would indicate antimonious sulphide 

Arserbio may be detected by tnturiting about 10 giama of 
the antimonie sulphide and 10 grains ot bodium bicarbonate 
with half a fluidounee of water , the mi-^ture is macerated in a 




eorlced flask for about half an hour, with occasional agitation, 
is then filtered, and the filtrate over-aaturated with hydrochloric 
acid ; a lemon-yellow precipitate, occurring at once or after a 
short time, would indicate arsenic. 

Another test for arsenic is to dissolve 10 grains of the an- 
timonic sulphide in about 3 fluid-drachms of concentrated 
iiydrochloric acid, diluted with 30 drops of water ; the solution 
is heated until the hydrosulphnric acid is completely expelled ; 
it ia then filtered, and the filtrate, after the addition of 1 fluid- 
drachm of hydrochloric acid, and about ten drops of concen- 
trated solution of stannous chloride, is heated to boiling; an 
ensning brown turbidity would indicate a 
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If a confirmatory test is required, some of the antimoiiic 
Bulphide niaj be mixed and agitated for a few minutes with a 
cold eatnrated solution of crystallized ammonium carbonate ; 
the subsequent filtrate is evaporated to dryness in a porcelain 
capsule ; the residue is scraped ofi' by means of a pestle and a 
little powdered magnesite or pnmice-stone ; after the addi- 
tion of a little potassium cyanide, tiie powder is once more 
warmed, and, when dry, is introduced into a warm reduction- 
tube, and heated to redness to produce the arsenic mirror 
(Fig. 46). 

Admixtures oi ferric oxides and of silicates are indicated by 
their insolubility in potf^sinm hydrate, as well as by their sta- 
bility at a red heat upon charcoal. Iron is recognized in the 
diluted and filtered hydrochloric-acid solution, by a blue tur- 
bidity with potassium ferrocyanide. 



AQUA AISmONIJE. 

LIQUOR AMMONIA, AQUA SEU LIQUOR AMHONII CAUSTICI. 

Solution oj" Ammonia. Solution of Ammonium Syd/rats. 

Aqua ammoniEC is an aqueous solution of t}ie gaseous hydro- 
gen nitride called ammonia; this gas is soluble in water to an 
extraordinary degree, one volume of water at 0° 0. absorbing 
1149, and, at 15° C, 783 volumes of the gas ; the quantity of 
ammonium hydrate contained in the commercial and officinal 
solutions varies from 32 to 10 per cent, by weight of gas, the 
latter strength corresponding with a spec. grav. of 0,958 — 0,960 
at 15° 0., being the average strength of the aqua ammonije of 
the majority of the pharmacopceias. Tlie tTuited States and 
the British pharmacopceias include also an almost-saturated 
solution, Aqua Ammonia fortior, the fonner of 0.900 spec, 
grav., containing 39 per cent., the latter of 0.891 spec, gi'av., 
containing 32.5 per cent, of the gas. 

This gas is also soluble in alcohol, which solution is officinal 
as Spiritus Aramonice, or Spiritus Ammonii caustici Dzondii, 



by Google 



AQU^. 14S 

generally of a strength containing 10 to 12 per cent, of the 
gas. 

These solutions have the properties of the gaseous amnao- 
nium hydrate, its pungent odor, sharp hurning taste, and eaus- 
tic action upon animal membranes ; they have strong alltaline 
reactions, and form white fumes when brought into contact 
with the vapors of chlorine or acids, however diluted with 
atmospheric air they may he. Solution of ammonium hydrate 
is miscible with water, glycerin, and alcohol, and is saturated 
by all acids ; it decomposes and precipitates most of the earthy 
and metallic oxides from their compounds ; several of these 
precipitates are rediseolved in an excess of the precipitant. 
It also precipitates most of the alkaloids. 

The purity of commercial aqua ammonia depends upon the 
mode of preparation, the materials employed, and the water 
used for the absorption of the gas. For medicinal use, distilled 
water ought to bo employed, while this precaution is not re- 
quired for solutions used in the arts and trades. The strength 
of solutions of ammonia may be determined by ascertaining 
their specific gravity; this method, however, is reliable and 
accurate only when the water contains ammonium hydrate 
alone, and is free from other, and especially from fixed, sub- 
stances, which would increase the density of the solution. 

For Yolumetrio Estimation, see page 58. 

Examination : 

Fixed substances are recognized by remaining behind upon 
evaporation of a little of the aqua ammonise upon platinum-foil 
or a watch-glass. 

Ammonium carbonate is detected by mixing equal volumes 
of aqua ammonite and lime-water ; a turbidity would indicate 
carbonate. 

Fmpi/reuma, if not recognized by the odor, will be brought 
out distinctly by over-saturating in a beaker with diluted nitric 
acid a mixture of equal parts of aqua ammonife and Water. 

Calcium Ivydrate is detected by testing the aqua ammonia 
with ammonium oxalate. 

Chloride, Cyanide, and Sul/phaie. — About two ounces of 
aqua animoniie are slightly over-saturated with nitric acid, and 
the solution evaporated to dryness, Theresidue is dissolved in 
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a little water ; small portions of this solution are tested sever- 
ally with argentic nitrate for ehloi'ide and cyanide, and with 
barinm nitrate for sulphate ; when a precipitate has been 
formed with argentic nitrate, its nature may be ascertained by 
slightly over-saturating a little of the aqua ammoniEe with 
hydrochloric acid, and then testing it with a few drops of solu- 
tion of ferric chloride ; a greenish-blue coloration or blue pre- 
cipitate would indicate the presence of cyanide; if such reac- 
tion does not occur, the silver precipitate, if insoluble in diluted 
nitric acid, consists of argentic chloride. 

Metals are detected in aqua ammo- 
nite, neutralized with nitric acid, by hydro- 
sulphuric acid, and by subsequent addition 
of the same aqua ammoniie. A dark reac- 
tion in either instance would indicate met- 



The ammonia-strength of impure aqua 
ammonife, or of crude ammoniacal liquora 
(free of other alkaline hydrates or earbon- 
atesl. may be estimated by the following 
simple method : 

One hundred cubic centimetres of oxalic 
acid test-solution (page 56) are poured into 
a beaker, and reddened with a few drops 
of litmus-solution. Then the ammoniacal 
liquor is added from a burette (Fig. 46), 
until the red color commences to pass 
into a violet one. The number of cubic 
centimetres required for neutralization is 
then read off, and is used as divisor of 
the numbei 170; the quotient indicates 
at onee the percentage of ammonia con- 
tained m the ammoniacal liquor. For in- 
stance, if 40 cubic eeotimetres of the lat- 
ter have been used, it contains 4.25 per 
cent , if 29 cubic centimetres, it contains 
5 86 per cent , if 17 cubic centimetres, it 
contains 10 pei cent, of ammonia. 
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"With the deci'eaao aod increase of temperaiure, the density of nqna 
suffers a corresponding increase or decrease, amounting for each 
of tlie centigrade thermometer in either direction — 



■' " " " 0.0 109 •■ 0,9631 " 0.0002. 

For instance : An aqua amraoniaj of 0.9593 spec, grav., at 14° C, con- 
taining 10 per cent, of ammonia, will have, at 18° C, a spec. grav. of 
(0.9593-0.000-3x4=) 0.9581, and, at 12° 0., a spec. grav. of (0.9503 + 
,0.0003+2=) 0.9599. 



AQUA AlUIYODAIiASUX AMABARUSI. 

Bitter- Almond Water. 

Bitter- almond water, when prepared from the essential oil 
of bitter almonds, is a clear, when derived by distillation from 
bitter almonds, mostly a turbid, colorless liqiiid, with the odor 
of oil of bitter almonds, which odor must not disappear after 
the elimination of the hydrocyanic acid by argentic nitrate. It 
should be of such strength, that 1,000 parts contain one part 
of ajihydroua liydrocyanic acid, which is associated in the water 
with benzoic aldehyde. 

Ferrous salts render no reaction with bitter-almond water ; 
but a slight blue precipitate will take place when, atter the 
addition of the recent, first a few drops of liquor potassffi are 
added, and subsequently a slight excess of diluted hydrochloric 
acid. 

Argentic nitrate and meveurons nitrate produce but a 
slight turbidity in bitter-almond water ; bnt, when a few drops 
of aqua ammonise have been added previously, and the liquid is 
then over-saturated with diluted nitric aci^, argentic nitrate 
will yield a white, and mercurous nitrate, upon warming, a 
dark-gray precipitate. 

The quantity of hydrocyanic acid in bitter-almond water 
may be determined by weighing 1,000 grains of the water into 
a vial, and adding and agitating it with a solution of 8 grains 
of argentic nitrate in 60 grains of water and 30 grains of aqu 
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ammonise ; 2 drachms of dilated nitric acid are then added, and 
the whole is gen ly wa ned by immersing the ilask in hot water. 
The precipitate t ^e ey nide is collected upon a tared and 
moist filter, wa 1 e 1 a d 1 i, and should weigh not less than 
5 grains, indicat n one y t by weight of anhydrous hydro- 
cyanic acid in 1 000 f -t t he water. 



AQtTA OHLORl. 

AQUA CIILOKINII. - LIQUOR COLOEI. 

Ofilorine- Water. 

A saturated eolntion of chlorine gas in distilled water, con- 
taining about twice its bulk, and 0.4 per cent, by weight, of the 
gas. Chlorine-water has the pale, greenish-yellow color, the 
irritating and suffocating odor, and the chemical properties, of 
the gas. When cooled to near the freezing-point, it forms yel- 
low crystalline plates of chlorine hydrate, which dissolve again 
upon increase of the temperature. When heated, it loses the 
chlorine by evaporation ; when exposed to sunlight, it is gradu- 
ally changed, with the participation of the elements of water, 
into hydrochloric acid and free oxygen. 

Chlorine-water destroys instantaneously the color of dilute 
indigo-solution, and all vegetable colors. Ey the strong affin- 
ity of chlorine lor all the elements except oxygen, nitrogen, and 
carbon, and for many componud radicals, it is a powerful chem- 
ical agent, and, especially by its property of abstracting or dis- 
placing hydrogen, bromine, and iodine, from almost all their 
combinations by equivalent snbstitntion, a most energetic oxi- 
dizer. 



Hydroehlorio acid, and consequenUy decomposition, is indi- 
cated when blue litmus-paper, upon being immersed in chlorine- 
water, is reddened before it is bleached; such decomposition 
may further be ascertained by filling a one-ounce vial, in which 
a few globules of mercury have been placed, with the chlorine- 
water, and agitating the corked bottle until the odor of chlo- 
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rine has entirely disappeared. The water should now leave 
blue litmus-paper unchanged, and should form no precipi- 
tate with argentic nitrate, although all chlorine- water, how- 
ever freshly prepared, will yield a slight turbidity with the 
latter reagent. Loss of the strong odor of the gas, an aeifl 
reaction upon litmus, and the formation of a white precipitate 
with argentic nitrate, would indicate a degree of decomposition 
which rendei-s the chlorine-water unfit for use. 

Mineral salts, as an evidence of the employment of spring- 
water for the absorption of the gi« instead of distilled water, 
may be ascertained by the iixed residue remaining upon evapo- 
ration of a little of the water on platinum-foil, or on a watch- 
glass ; as well as by testing it, after addition of a little aqua 
ammoniffi, with oxalic acid ; a white precipitate would prove 
the presence of calcium salts, and would be indicative of spring- 
water. 

EsUmation of the strength of chlorine-water. 

I. Approximate estimation : 

1. One hundred parts by weight of chlorine-water are agi- 
tated with a solution of 3 parts of crystallized or granulated 
ferrone sulphate (free from peroxide) in 10 parts of water acid- 
ulated with hydrochloric acid. When, now, a few drops of 
diluted test-eolution of potassium permanganate are added, no 
discharge of its color should take place. 

2. One fluidounce of chlorine-water is mixed with a solu- 
tion of 10 grains of ferrous sulphate (free from peroxide) in 3 
drachma of water. This mixture must yield no blue precipi- 
tate upon the addition of potassium ferricyanide, 

II. Quantitative volumetric estimation : 

One ounce by weight of chlorine-water is mixed with a solu- 
tion of 10 grains of potassium iodide in 2 drachms of water ; to 
this is added from a burette (Fig. 47), a test-solution of sodium 
hyposulphite, containing 10 weight-parts oi-the reagent in 100 
volume-parts of the solution, until the brown color has just dis- 
appeared. The number of volume-units required, divided by 
seventy, gives as quotient the quantity by weight of tlie clilo- 
rine contained in one ounce of the solution. 

For volumetric estimation, with the standard test-solution 
of sodium hyposulphite, ses page 04. 
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DUUlled Water. 

Distilled water must not leave a fi\ed lesidue upon evapo- 
ration. When reduced by 
evaporation to one-t'ourth or 
one-sixt!i of its volume, and 
tlien tested in separate por- 
tions with lime-water for car- 
honates, with argentic nitrate 
and a few drops of nitric acid 
for chlorides, with barium 
nitrate for s^il^hates, with 
ammonium oxalate for oalci- 
um, and with hydrosnlphuric 
acid and by subsequent acidu- 
lation with hydrocliioric acid 
for metals^ it must in no in- 
stance yield any reaction. 

Ammoni-um salts may be 
detected by a white turbidity, 
occurring after fifteen to thir- 
ty minutes, when one drop of 
a strong solution of potassium 
carbonate, and subsequently 
3 or i drops of solution of 
mereurie chloride, are added 
to about one ounce of the 
water, 

T^itrous acid may be de- 
tected by mixing in a beaker a little sulphuric icid mucilage 
of starch and one drop of a solution of pctaiisium iodide the 
mixture must remain colorless; the witer under extminttion 
is then added, stirring it with a glass lod, it the liquid as- 
sumes a bluish tint, traces of nitron'* acid are indicated 

INita-ic acid may be detected by reducing about 2 ounces of 
the water by evaporation to about 2 drachms ; to these are 
added, in a test-tube, a few drops of solution of aniline sulphate, 
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and, afterward, about 10 drops concentrated sulphuric acid ; 
the liqnid is slowly stirred with a glass rod ; if nitric acid be 
present, rose-colored lines will appear after a while, and the 
whole liquid also will gradually assume this tint. 

Organ/io substwnoes may be recognized in the water, if if is 
free from nitrous acid, by wanning to near 60° C. about six 
ounces of it in a beaker placed upon white paper ; then a few 
drops of sulphuric acid, and subsequently a very dilute solution 
of potassium permanganate (1:1000), are added drop by drop. 
If the water is entirely free from organic substances, it should 
assume and retain, upon the addition of the first drop of the 
solution, a slight rose-colored hue, which increases in intensity 
progressively with the number of drops added. If the water, 
however, contains organic substances, the coloration received 
from the first drop will either not appear at all, or will soon 
disappear. 

If decoloration takes place, an approximate ^timate of the 
quantity of organic substances contained in the water may be 
had from the number of drops which it is necessary to use 
bsfore this effect ceases, and the permanent color begins to ap- 
pear. 

This same decoloration is also produced when the water 
contains certain inoi^anie substances, as nitrous, sulpliurous, or 
hydrosulphnric acid, ferrous and other sub-salts, and other read- 
ily-oxidized substances. 



AROENTI MITKAS. 

ARGENTUM NITRICUM. 

Jfifrate of Silver. ATgen.tic Nitrate. 

Anhydrous, colorless, transparent, rhombic plates, or, when 
fused and cast into moulds, thin, white, transparent, cylindri- 
cal sticks (lunar caustic). Permanent in the air, but decom- 
posed by the combined action of organic substances and solar 
light. Argentic nitrate fuses at 219-330° 0. ; at about 330° 
0. it is decomposed ; when fused upon charcoal before the blow- 
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pipe, it deflagrates, emitting yellow vapors and sparks, while a 
leticular coating of metallic silver remains behind. 

Argentic nitrate is soluble in an equal weight of cold, and 
in half that quantity of boiling, water ; it ia also soluble in alco- 
hol, hut only sparingly in ether and chloroform ; its strong 
aqueous solution, therefore, when dropped into alcohol, suffers 
no precipitation ; it is, however, precipitated by a solution of 
ferrous sulphate acidulated with nitric acid. When the super- 
natant liquid is decanted from the precipitate and placed upon 
strong sulphuric acid (Fig. 48), it yields the dark-brown reac- 




tion of the nitrogen oxides on the line of contact between the 
two fluids. 

The aqueous solution of argentic nitrate must be clear; 
a white turbidity woidd indicate argentic chloride or nitrite; 
a bluish color, cupric nitrate ; a grayish-black turbidity in the 
solution of the fused salt, a partial reduction by^an excess of 
heat in the fusion, or cupric chloride or oxide. 

The solution gives a white, curdy precipitate with hydro- 
chloric acid and with soluble chlorides, a black one with 
hydrosulphuric acid, a brown one with the alkaline hydrates, 
a white one with the carbonates and oxalates, and a yellow one 
with tri-basie phosphoric acid and its soluble salts. 
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Argentic nitrate consists, in 100 parts, of 68,23 parts of 
argentic oxide (containing 63.53 parts of silver), and Sl.TT 
parts of nitric acid ; it yields, wlien completely precipitated by 
hydrochloric acid or chlorides, 84.39 parts of dry argentic 
chloride. 

Examinatum : 

Potassium niiraie is used to adulterate botli the fused and 
the crystallized argentic nitrate ; sodium nitrate cannot well be 
employed for such adulteration, on account of its hygroscopic 
character; argentic nitrate fuses with either of these alkaline 
nitrates in all proportions, and such a mixture in the propor- 
tion of one part of argentic nitrate and 2 parts of potassium 
nitrate is officinal in some pharmacopceias. Such admixture is 
indicated in the fused silver salt, by an alteration of its appear- 
ance, which is leas translucent, whiter, and without the distinct 
radiate crystalline structure of pure argentic nitrate. 

Among the methods of detecting such an adulteration, the 
following are the readiest and most practicable ones : 

1, A concentrated aqueous solution of argentic nitrate is 
dropped into ten times its bulk of strong alcohol ; if potassium 
nitrate be present, it will separate after a while in small, white 
granules, as it is far less soluble in alcohol. Sodium nitrate 
cannot be detected by this test, since it is more soluble in alco- 
hol. 

3. A small quantity of a dilute solution of argentic nitrate 
is completely precipitated with diluted hydrochloric acid ; the 
liquid is then warmed, and must, when filtered, leave no fixed 
residue upon evaporation ; such a residue would indicate alka- 
line nitrates or other impurities. 

3. A number of larger and smaller crystals are mixed and 
broken in a mortar ; a small portion of the coarse powder, or 
fused argentic nitrate, if this is to be tested, is fused and com- 
pletely reduced on charcoal before the blow-pipe (Fig. 49) ; a 
slight reticular metallic coating will remain behind, and some 
alkaline carbonate, if potassium or sodium nitrates were pres- 
ent ; they will be recognized by the alkaline reaction, when 
moist, red litmus-paper is pressed upon the spot of the coal 
where the fusion took place. 

Argentic chloride is indicated, as stated, by a white turbid- 
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ity of tlie solution of argentic nitrate; its identity may be 
ascertained by its dissolving upon the addition of ammonium 
hydrate, but remaining insoluble in nitric acid. 

Copper and iron may be detected by completely p]-eeipi- 
tating the aqueous solution of the salt with hydrochloric acid, 
and by subsequent approximate neutralization of the filtrate 
with aqua ammoniiE ; this solution is then tested with a few 
drops of a solution of potassium ferrocyanide ; a red precipi- 
tate would indicate copper, a blue one, iron ; copper may also 
be detected, or its presence confirmed, by dissolving about 5 
grains of the argentic nitrate in 10 drops of water, and by 




dropping this solution into a small test-tube containing about 
half a drachm of aqua ammoniEe; an ensuing blue coloration 
would indicate copper ; a white turbidity, lead or zinc. 

WUtous acid, traces of which are frequently met with in 
the fused argentic nitrate, causing slight turbidity upon solu- 
tion, may be detected by completely precipitating the solution 
with potassium chloride. The filtrate is then tested with a 
few drops of sulphuric-acid mucilage of starch, to which pre- 
viously has been added one drop of solution of potassium 
iodide; if nitrous acid, free or combined, be present, a blue 
coloration takes place. 
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ABGENTI OXIDTTM. 

AEGENTUM OXYDAT0M. 

Oxide of Silver. Argentic Oxide. 

An olive-brown, odorless powder, becoming blaek when 
heated, and decomposed at a red heat, leaving beliind spongy 
metalKe silver; it is also gradually reduced by the solar hght. 

Argentic oxide is sparingly soluble in water, but freely dis- 
solved in ammonium hydrate as well as in boiling nitric acid ; 
it is insoluble in the fixed alkaline hydrates. Its aqueous aoln- 
tion has an alkaline reaction and a metallic taste, and is ren- 
dered turbid by a small quantity of carbonic acid, but becomes 
clear again by an excess of it. 

The purity of argentic oxide is ascertained by its solubility 
in aqua ammonia), and also in hot nitric acid, without efferves- 
cence, and by the fact that this solution, when completely pre- 
cipitated with hydrochloric acid, gives a filtrate which leaves 
no residue upon evaporation, and yields no reaction with hydro- 
anlphuric acid and subsequent over-saturation with aqua am- 



AI^ENICI lODIDUM. 

ARSENICUM lODATUM. 

Iodide of Arsenic. Arsenioua Iodide. 

An orange-red or purple, crystalline solid, fused and vola- 
tilized by heat; it is soluble in SJ parts of water, and also in 
glycerin, alcohol, ether, and carbon bisulphide; its aqueous so- 
lution is yeliow, and gradually and partly decomposes into arse- 
nious and bydriodic acids ; it forms a yellow precipitate with 
hydrosulpburic acid, and emits violet vapors of iodine when 
heated with nitric acid. 
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ATBOPINUM. 
Atropia. Atrcpine. 

Colorless, silty, acicular crystals, or a yellowish- white crys- 
talline powder, without odor, and of a bitter and acrid taste. 
Heated upon platinum-foil, atropia fuses at ahout 90° C. ; at 
140° C. it is partly volatilized and decoinpoaed, swelling and 
emitting white fumes which burn with a white flame, leaving 
some coal, which is wholly dissipated at a red heat. 

Atropia is soluble in about SOO parts of cold, and in a less 
amount of boiling,' water, in 2J- parts of cold alcohol, in about 
35 parts of ether, and freely in amylic alcohol and in chloro- 
form. The aqueous solution has an alkaline reaction, and 
pow^ully dilates the pupil of the eye. 

Atropia dissolves in concentrated nitric aeid, imparting to 
it a yellowish color, and in concentrated sulphuric acid, with- 
out color {sometimes a transient purple tint appears), but the 
latter solution becomes yellow, after some time; it remains, 
however, unchanged upon addition of nitric acid, but gradu- 
ally i^sumes a green color' upon addition of potassium bichro- 
mate. When some peroxide of manganese is added to the 
solution of atropia in strong sulphuric aeid, the odor of oil of 
bitter almonds is evolved, and afterward that of benzoic aeid. 

The aqueous solution of atropia must remain clear upon ad- 
dition of a few drops of solution of sodium carbonate ; a white 
turbidity would indicate a contamination with ieUadonnia. 
This is also indicated in atropia by its leaser solubility in water 
and a greater solubility in ether. 



ATEOPI^ SULPHAS. 
ATROPINUM SULPHURICUM. 
e of Atropia or Atropine. Atropia Sulphate. 
A colorless, slightly-crystalline powder, which fuses when 
heated upon platinum-foil, assumes a transient red coloration, 
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and is iinaliy wholly dissipated by heat. It gives tlie same re- 
actions as atropia with concentrated niti-ic and sulphuric acids, 
and, in the latter solution, with peroxide of manganese. Atro- 
pia sulphate is freely soluhle in water and alcohol, but insolu- 
ble in ether and chloroform. Its aqueous solution is neutral, 
gives a white precipitate with solutions of barium salts, and 
also dilates the pupil of the eye. 

A solution of one grain of atropia sulphate in half an 
ounce of water must remain unchanged when a portion of it is 
tested with solution of sodium carbonate; a white turbidity 
would indfcate a contamination with lelladonnia; another por- 
tion of it may be heated with a few drops of Pehling's solution ; 
the occurrence of a reddish-brown deposit would indicate the 
presence of glucoside. 



BAItU CHLOBIDUU. 

BASYUM CHLORATUM:. baryta MITEIATICA. 
Chloride of Barium. Barium Chloride. 

Colorless and transparent, flat, foui'-sided plates, containing 
two molecules (six per cent.) of water of crystallization ; they 
are permanent in the air, but lose their water at 100° C, leav- 
ing the anhydrous salt as a white mass, which, when heated, 
fuses witliont decomposition, and imparts a yellowish-green 
color to the flame. 

Barium chloride is soluhle in about 2^ parts of cold, and 1-^ 
part of boiling, water, and but sparingly in alcohol ; it is less 
soluble in diluted hydrochloric and nitric acids, and is there- 
fore partly precipitated from its aqueous solution, if not very 
dilute, upon the addition of concentrated hydrochloric or nitric 
acids; the salt is, however, redissolved upon dilution with 
■water. The aqueous solution has a bitter, nauseous, saline 
taste, does not act upon litmus-paper, and yields copious 
white precipitates with sulphiiric acid and sulphates, and 
with argentic nitrate, insoluble in diluted nitric acid, but the 
last one soluble in ammonium hydrate; it forms precipitates 
also with phosphoric acids and the phosphates, and with the 
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alkaline carbonates ; they are soluble in hydro chloric and nitric 
acids. 

Examination : 

Almnma may he detected, in the dilute aqueous solution, 
by a white turbidity with aqua ammonite; a bluish eoloratiou 
of the liquid would indicate copper, 

Metals will be detected by a dart precipitate, or, it' only 
traces of iron are present, by a dark-greenish coloration, upon 
addition of ammonium sulphydrate to the aqueous solution; 
if a precipitate be formed, it is collected upon a filter, and dis- 
solved in a few drops of nitric acid, and the solution over-satn- 
rated with aqua ammonite; a bhxe eoloratiou would confirm 
the presence of copper ; a brown precipitate, that of iron. 

Calczwn, ■pofOKsium, and sodium chlondes, are detected, in 
the aqueous solution, by completely precipitating the same 
with diluted sulphuric acid, and by subsequent examination of 
the filtrate in separate portions : calcium ia recognized by a 
white precipitate when one of these portions is slightly over- 
saturated with aqua ammonite, and tested with ammonium 
oxalate. Potassium and sodium chlorides will be indicated by 
a fixed residue upon complete evaporation of another part of 
the filtrate ; they may be distinguished by dissolving the residue 
in a few drops of water, and testing the solution with potas- 
sium antimoniate ; a white turbidity would indicate sodium 

Sillt, 

Strontium chloride is detected by agitating some of the 
powdered salt with an equal weight of strong alcohol, and by 
ignitingthe filtrate ; the presence of sti'ontium will be indicated 
by a red color of the flame, especially apparent toward the end 
of the combustion. 



BISSCUTHI ST AIOIONII CITSAS. 

BISMUTHUM ET AMMONIUM CITRIOUM. 

Citrate of Btmnuth and Ammonium. JiUmuth and Ammonium Citrate, 

White, glossy, translucent scales, of a slightly acidulous and 

somewhat metallic taste. When heated upon charcoal, before 

the blow-pipe, they yield a black fuse, with a yellow coating 
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of the coal ; when heated in a drj test-tube, they are char]-e<l, 
with the evolution of moisture and of ammoniacal and em- 
pyreuniatie vapors ; and, at a red heat, a black fuse remains, 
which, upon cooling, acquires a Icmon-jellow color on the sur- 
faces, and which is readily soludle in warm concentrated nitric 
acid ; this solution, when dropped into a quantity of water, pro- 
duces a white turbidity. Heated with liquor potass^, it emits 
the odor of ammonia- 
Citrate of bismuth and ammonium is readily soluble in 
water, sparingly so in alcohol, and insoluble in ether and chlo- 
roform. By exposure to the air, it loses its transparency, and 
becomes gradually more or less insoluble ; it becomes, how- 
ever, soluble again upon addition of a little ammonium hy- 
drate. Its aqueous solution reddens blue litmus-paper slightly, 
gives white precipitates with dilute hydrochloric aeid {soluble 
in an excess of the acid), with potassium hydrate, and with the 
alkaline cai'bouates, the latter precipitate being insoluble in an 
excess of the preeipitants ; it is not acted upon by ammonium 
hydrate ; with potassium bichromate, it forms a yellow precipi- 
tate, soluble in dilute nitric aeid, and, with hydrosulphuric 
acid, a brownish-black precipitate, insoluble in dilute acids or 
alkaline hydrates. 



BISMUTHI SUBCAEB0NA3. 

BISMUTHUM CAKBONICUM. 

Carbonate, Suhcarbonate, or 0:^- Carbonate of Sismuth, Bumuihovs 
Carbonate. 

A white or yellowish-wiiite, odorless, and tasteless powder, 
which is blackened when in contact with gaseous or aqueous 
hydrosulphuric acid. When exposed to heat,-it gives off moist- 
ure and carbonic acid (amounting to 9^ per cent.), while yellow 
bismuthous oxide remains behind ; when heated with exsic- 
cated sodium carbonate, on charcoal before the blow-pipe, it 
yields metallic globules of bismuth and an incrustation on the 
coal, which is orange when hot and yellow when cold. 

Bismuthous cai-boiiate is insoluble in water, but slightly sol- 
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uble in water saturated with carbonic acid ; it ia readily sol- 
uble, witli effervescence, in aeids, forming solutions wliich, when 
nearly neutralized by the bismuthous oxide, produce white pre- 
cipitates of basic salts when poured into a quantity of water. 

Examination ; 

NitraU may be detected, in a solution of the carbonate in 
acetic acid, by imparting to it a faint bluish tinge; upon add- 
ing one or two drops of neutral indigo-solution, and warming, 
the blue color will disappear, if any nitrate be present. 

Am/moniv/m salts may be detected by the odor of ammonia, 
and by white fames from a glass rod moistened with acetic 
acid, and held in the orifice of the test-fube, when the bis- 
muthous carbonate ia heated with liquor potassse. 

The examination for other admixtures or impurities is the 
same as described with bismuthous nitrate, on pages 160-163. 



BISMUTHI SITBNITIiAS. 

BISMUTHUM 8UBNITKICUM. BISMUTHUM ALBUM, 

8i3>nitTat64)r Oxy-Nitrate of Bismuth. Bade BUmiitho'M Nitrate. 

A heavy, white powder, in minute crystalline scales ; it 
reddens moistened blue litmus-paper, and becomes black in 
contact with hydrosulphurie acid. When heated in a dry test- 
tube, it first emits moisture, and afterward reddish-yellow, 
acid vapors, leaving a residue which is readily soluble in 
warm nitric or hydrochloric acid, forming a solution which, 
when poured into a quantity of water, produces a white pre- 
cipitate; when heated to redness, a straw-yellow powder of 
bismuthous oxide (amounting to eighty per cent.,of the bis- 
muthous nitrate) remains, which is fusible at a high tempera- 
ture ; when heated wifli exsiccated sodium carbonate, on char- 
coal before the blow-pipe, brittle globules of bismuth are ob- 
tained, and the charcoal becomes covered with a slight incrus- 
tation, which is orange when hot and yellow when cold. 

Bismuthous nitrate is nearly insoluble in water ; upon a 
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continued digestion, however, it suffers an alteration in its 
composition, whereby its solubility in water is increased ; it is 
readily soluble in nitric and hydrochloric acids, and these solu- 
tions, when poured into a large amount of water, form white 
precipitates of basic bismuthous salts, Bisniuthoua nitrate is 
but sparingly soluble in potassium and sodium hydrates, and 
but little more so in ammonium hydrate. 



Carbonates and msoluhle admiietures are detected, the for- 
mer by effervescence in the cold, the latter by remaining be- 
hind, when about 10 grains of the bismuthous nitrate are mixed 
and dissolved, with the aid of heat, in about three flnid-drachms 
of a mixture- consisting of equal parts of concentrated nitric 
acid and water. 

OMorides and sulphates may be detected, in the solution 
obtained in the preceding test, diluted with an equal bulk of 
water, and filtered if necessary, by testing it in two separate 
portions, with a few drops of solution of argentic nitrate for 
chlorides, and with a few drops of barium nitrate for sulphates. 

The test for chlorides and sulphates may also be made by 
adding about 10 grains of the bismuthous nitrate to about three 
drachms of a boiling, diluted solution of sodium carbonate ; 
after a few minutes' boiling, the mixed fluid, when neai-Iy cool, 
is filtered, and the filtrate over-saturated with nifl-ic acid, and 
then tested, in separate portions, with ai;)|;entic niti-ate for chlo- 
rides and with barium nitrate for sulphates. 

Salts of Calcium, Ma^nesiwm, a/nd Zi/no. — About three 
fluid-drachms of a mixture of equal parts of concentrated hy- 
drochloric acid and water are heated, and so much of the bis- 
muthous nitrate as will be dissolved is added, little by little ; 
about 20 di'ops of concentrated hydrochloric acid, and subse- 
quently six drachms of water, are then added, and, frfter a 
while, the solution is filtered ; the filtrate is now repeatedly 
saturated, and completely precipitated, with hydrosnlphurie- 
acid gas, and again filtered; the filtratfe is then warmed, and 
slightly over-saturated with sodium carbonate; an ensuing 
white precipitate would indicate salts of calcium, magnesium, 
or zinc ; if it be comparatively considerable, and sufficient in 
amount to ascertain its nature, it h) collected and washed upon 
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a filter, and afterward agitated with aqua amtnonife ; if a resi- 
due remains, it is likewise collected and w^hed upon a filter, 
and tlie filtrate tested with hydrosulphuric acid ; ' a white pre- 
cipitate indicates sine salts ; the residue upon the filter is dis- 
solved in a few drops of diluted hydrochlonc acid, and tho so- 
lution neutralized by a few drops of aqua ammoiiiEe, and then 
divided into two portions, one of which is tested with ammo- 
nium oxalate, for calcium salts, the other with sodium phos- 
phate, for magnesium salts. 

Calcium phosphates may he detected, in the bismuthous 
nitrate, hy adding to a solution of one part of it, in a sufficient 
quantity of a mixture of equal parts of nitric acid and water, 
two parts of citric acid dissolved in a little water, and then 
adding an excess of aqua ammonia ; the occurrence of a white, 
bulky precipitate, either at once or after a while, will indicate 
calcium phosphates. 

The presence or absence of earthy admixtures in bismuth- 
ous nitrate may also be ascertained, by boiling about 10 grains 
of it, for 10 minutes, in about two fluid-drachms of acetic acid ; 
the liquid is then filtered, and completely precipitated with 
hydrosulphuric acid ; the filtrate must leave no fixed residue 
upon evaporation ; if any eueh residue remains, earthy oxides 
are present. 

MetalliG Impurities : 

Lead, — Two drachms of a mixture consisting of equal vol- 
umes of concentrated nitric acid and water are heated, and so 
much of the bismuthoua nitrate is added, in small portions, as 
will be dissolved ; the solution is then decanted, and diluted 
with four times its volume of water ; after about a quarter of 
an hour, the liquid is filtered, if necessary, and a portion of it 
tested with one or two drops of concentrated sulphuric acid ; 
if a white precipitate, indicating the presence of lead, occurs, 
the larger part of the liquid, or the whole of it, is precipitated 
with sulphuric acid ; the precipitate is washed with water by 
careful deeantation, and tlien agitated for 10 minutes with 
tepid liquor potassse ; the liquid is then passed through a moist 
filter, and the filtrate mixed with an equal volume of hydrosul- 
phuric acid ; a black precipitate will confirm the presence of lead. 

Copper ?«i\.\& are detected, in the diluted nitric-acid solution 
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of the bismuthoiis nitrate, by a reddiali-browii precipitate with 
potassium ferrocyanide. 

Arsenic may eurely enough be recognized by its character- 
istic odor, whea a mixture of five grains of the bisiiiuthouB 
nitrate with 10 grains of powdered potassium bitartrate is in- 
cinerated, either in an iron spoon or in a small cavity upon 
eharcoal, before the blow-pipe (Fig. 50). 




As an additional or confirmatory evidence of the absence 
or presence of arsenic, either of the two following tests may be 
applied : About 20 grains of the bismuthous nitrate are added 
to about two fiuid-drachms of concentrated sulphuric acid, in a 
test-tube or in a small flaBif, and the mixture boiled ; the tube 
or fiaslc is hold, as much as practicable, in an inclined position, 
ao as to allow the nitric and nitrous acid vapors to escape ; 
■when the evolution of such vapors ceases, two fluid-drachms of 
concentrated hydroclilorie acid are added, and the mixture is 
allowed to cool, and may serve, in two separate portions, for 
the two following tests : 

1. One portion of the mixture is added to about an equal 
volume of concentrated hydrochloric acid, and a piece of tin- 
foil {real tin), or about 20 drops of coneeffltrated solution of 
stannous chloride, are added, and heat applied ; a brown turbid- 
ity of the mixture, either at once or after a wliile, and a gray- 
ish-brown precipitate after subsiding, would indicate a/rsenic, 

2. The other portion of tho salph uric-acid mixture is oare- 
fully added to live times its volume of a mixture of equal parts 
of bydrochloric acid and water, and the mixture carefully 
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poTired upon granulated zinc, m i long test-tube, only one- 
tentli of which shonld be filled h} the liquid taking care that 
the upper interior walls of the tube d) not get wet ; a bunch 
of cotton, moiatened with solution ot plumtiic acetate, is then 
introduced into the orifice of the tube nnd this loosely closed, 




either by paper moistened with one drop of Kolution of argentic 
nitrate, or by a cork provided with two strips of paper, satu- 
rated with solutions of plumbic acetate and of argentic nitrate 
respectively (Fig. SI). The test is then conducted as described 
on page 30. 
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A dark coloration of the argentic-nitrate solution would in- 
dicate arsemo. 



BISMIJTHI VALERIANAS. 

BISMUTilUM TALERIANICUM. 

Sasic Valerianate of BUmMtli. Mamuthoua Valerianate. 

A white, crystalline powder, -with the strong odor of vale- 
rianic acid. When gradually heated in a porcelain crucible, 
it emits the odor of valerianic and butyric acids, and becomes 
black; upon continued heating, bismutliona oxide is left be- 
hind, appearing hrownish-yellow while hot and stt'aw-yellow 
on cooling ; when heated with exsiccated sodium carbonate, it 
affords the same reaction as the hismuthous carbonate and ni- 
trate (pages 158, 159). 

BismuthoTiB valerianate is insoluble in water, but soluble in 
hydrochloric and nitric acids, separating an oily layer of vale- 
rianic acid, and forming solutions which produce white precipi- 
tates with a quantity of water. 

Twenty grains of bismuthous valerianate, placed in a small 
tared porcelain crucible, and moistened with a few drops of 
concentrated nitric acid, yield, when completely incinerated at 
a red heat, 16 grains of straw-yellow hismuthoua oxide. 

Examination : 

The solution of bismuthous valerianate in acids, for tests, 
must be allowed to stand in a cool place for one or several 
hours, so that the valerianic acid may separate and collect 
upon the surface, and remain behind upon the paper when the 
solution is passed through a moist double filter, 

Bismuthoua nii/rate or carbonates may be detected by dis- 
solving a few grains of the valerianate in concentrated hydro- 
chloric acid ; effervescence indicates carbonates, and, in this 
ease, a solution of 10 grains of the salt, in a sufficient qiiantity 
of concentrated hydrochloric acid, is completely precipitated 
with hydrosulplmric acid, and the filtrate slightly ovcr-satti- 
rated with sodium carbonate ; awhile precipitate would indi- 
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cate saTtB of calevum, -magnesium, or smcf they may be dis- 
criminated by the same method asdescribed on page 160, 

Another part of the solution of tbe valerianate in hydro- 
cblorie acid is diluted with about four times its volume of wa- 
ter, and is faintly tinted with one drop of solution of indigo, 
and is gently warmed ; if decoloration takes place, nitrate is 
indicated. 

The examination of bisrauthons valerianate, i. e., of its solu- 
tions in nitric or hydrochloric acid, for chlorides and sulphates, 
for calciwrn phosphate and salts ofoaloiwn, magnesium, and sine, 
and for metallia impurities, is performed in the same way as with 
the corresponding solutions of bismuthous nitrate, described on 
pages 160-163. 



BROMINIUM. 
Broniine. 

A heavy, dark-red, very volatile liquid, of an intense and 
snfFoeating odor, somewhat resembling that of chlorine; its 
spec. grav. is 2.95 to 3.00. Bromine solidiiies at —1° 0., form- 
ing, at temperatures below that, a dark lead-gray, brittle, crys- 
talline mass, of a semi-metallic lustre; from — 6° to 63° 0., it 
is liquid, and volatile at common temperature ; at 63° it boils, 
forming yellowish-red vapors. 

Bromine is soluble in 32 parts of water, yielding an orange- 
yellow solution, which has the odor of bromine, bleaches vege- 
table colors and solution of indigo, and colors starch orange- 
yellow, and which, when cooled down to 0° C, forms small 
yellow scales of solid hydrate ; the aqueous solution of bro- 
mine is deprived of its bromine and of its color when agitated 
with ether, chloroform, or carbon bisulphide ; these ethereal 
solutions, however, are themselves decolorized wiien agitated 
with potassium hydrate ; but either of them, with the excep- 
tion of carbon bisulphide, will form a new solution of the bro- 
mine, and consequently regain the color, npon the addition of 
an excess of any mineral acid. 
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Bromine is freely soluble in alcohol, ebloroform, benzol, 
carbon bianlphido, and tbe alkaline bydrates, and is miscible 
witb etber in all proportions. In its chemical relations, it i-e- 
sembles chlorine, having a powerful affinity for hydrogen, 
though not quite so strong, and hence it acts witb energy on 
many organic compounds, abstracting hydrogen with equiva- 
lent substitution. 

Examination : 

Chlorine may be detected by shaking a little of the bro- 
mine with three times its volume of water; the liquid is then 
poured into a conical glass, and the supernatant aqueous solu- 
tion decanted into a test-tube, and shaken with an equal vol- 
ume of ether ; the lower or aqueous layer is then transfen-ed, 
by means of a pipette, to another test-tube, and boiled until 
tbe ether, dissolved, is volatilized ; it is then, after tlie addition 
of a few drops of diluted nitric acid, completely precipitated 
■with argentic nitrate; the precipitate is washed, by repeated 
decantation, and subsequently dissolved, by the aid of heat, in 
a^olution of ammonium sesqui-carbonate. After cooling, tbe 
filtered solution is reduced by evaporation- to a small volume, 
and finally over-saturated with nitric acid, when argentic 
chloride is separated, if the bromine is contaminated with 
chlorine.* 

This test may be made at once quantitatively, by perform- 
ing it with a known weight of bromine, and by collecting, 
drying, and weighing the precipitate of argentic chloride, and 
calculating the amount of chlorine contained in the quantity 
of the latter, on the basis of the fact that argentic chloride eon- 
tains 24,73 per cent, of chlorine. 

Iodine is indicated by a purple coloration of carbon bisul- 
phide, when this is shaken with a solution of the bromine in a 
strong solution of sodium hydrate, which has been over-satu- 
rated with fuming nitric acid previous to ihe addition of the 
carbon bisulphide. 

« This test depends upon tlie solubility of cMoro-bromine in water, and the de- 
portment of ether, which deoompoaea the ohloro-brominc, abstracting the bromine 
from the nqueoua aolution, and learing the eblorine aa hjdroehloric acid in the wa- 
ter, and flQally apon the solubilitj of argenUc chloride in ammonium sesqui-carbon- 
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CADMIUM SULPHURICUM, 
Sulphate of Gadmium. Gadm 

Colorless, transparent, oblique prisms, containing tliree 
molecules of water of crystallization ; they are efflorescent in 
the air, and freely sohible in water, but insoluble in alcohol. 
The solution has an astringent, acidulous, and slightly austere 
taste ; it yields a white precipitate with aqua aminonias, solu- 
ble in an excess of the reagent ; on subsequent addition of 
bydrosulphuric acid, a yellow precipitate is formed, which is 
soluble in strong, warm hydrochloric and nitric acids, but in- 
soluble in diluted acids and in the alkaline hydrates (distinc- 
tioTi from arsenions sulphide) ; it gives a white precipitate with 
the alkaline carbonates, insoluble in an excess of the precipi- 
tant. 

The absence of other metallic oxides may be ascertained by 
completely precipitating the aqueous solution of the cadmium 
sulphate with hydros nlphuric acid, and by subsequent complete 
evaporation of the Jiltrate ; if a residue remains, admixtures 
of other salts are indicated. In such case, the residue should 
be dissolved in diluted hydrochloric or nitric acid, and exam- 
ined for metallic, earthy, and alkaline oxides by the systematic 
method of analysis as described on pages 41-44. 



CALCII CAKBONAS PRSCIFITATA. 



Preeipitated Calciwm Carbonate. 

A white, light powder, consisting, when magnified, of mi- 
nute rhombohedral crystals ; it does not change moistened tur- 
meric-paper, but turns it brown after having been exposed to a 
red heat before the blow-pipe. 
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Calcium carbonate ia altnost insoluble in watei", but soine- 
wliat soluble if the water is saturated with carbonic-acid gas ; 
the solution reddens litmus, but changes the joliow color of 
tnrm eric-paper to brown ; by boiling or exposure to the air, 
the carbonic acid ia evolved, and the calcium carbonate depos- 
ited. It is readily soluble, with effervescence, in dilute hydro- 
chloric, nitric, and acetic acids. The acid solution is precipi- 
tated by oxalic acid, but not by a solution of calcium sulphate 
(distinction from barium aud strontium carbonates), 'nor by 
ammonium hydrate (distinction from aluminium carbonate), 
nor by potassium hydrate (distinction from maguesium carbon- 
ate). Nor must the solution yield any reaction with hydrosul- 
phuric acid, and subsequent over-saturation with aqua ammo- 
nise (free from carbonate), 

Hzaminatioa : 

An insufficient washing in the manufacture, or a fraudulent 
or accidental admixture of calcium sulphate, may be detected 
by agitating some of the carbonate with water, and by testing 
the filtrate, acidulated with one or two drops of nitric acid, in 
separate portions, with argentic nitrate for chloride, and witli 
barium nitrate for sulphate. 

The crude kinds of calcium carbonate — chalk, prepared 
oyster-shells, and others derived from animal organisms — con- 
tain more or less of other bases (magnesium, iron, potMsium, 
sodium, etc.) and acids (phosphoric, silicic, and sulphuric), and 
always, also, traces of organic substances ; they do not render 
a complete solution in dilute acetic or hydrochloric acid, and 
the filtered solution usually gives a slight coloration or turbid- 
ity with hydros ulphuric acid, and a precipitate when over-satu- 
rated with aqua ammonise, indicating phosphates. 



CALOU HYPOPHOSPHIS. 

CALCIUM HYPOPHOSPHOEOSUM. CALCIS HYFOPHOSPniS. 

HypoplioepMte of Lime. Caleium Bypophospkite. 

Small, colorless, transparent, six-sided prisms, or a white 

crystalline powder, of a pearly lustre ; heated in a dry test- 
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tube, the salt deflagrates, ■ emitting inflammable pboaphorus 
vapors, and leaving a residue, whicli appears, sifter cooling, 
slightly reddish, being calcium pyrophosphate, with a little red 
phosphorus. 

Oalcinm hypophospliite dissolves in eix pai-ts of cold water, 
but ia insoluble in alcohol (distinction I'rom sodium hypophos- 
phite); the aqueous solution has a slightly bitter taste, and, 
when greatly diluted with water, suffers no change upon the 
addition of diluted sulphuric acid, nor with solutions of barium 
and calcium chlorides, nor of plumbic acetate (distinction from 
soluble phosphates and phosphites) ; it forms, however, white 
precipitates with the soluble carbonates, with oxalic acid and 
oxalates, and with argentic nitrate, which latter precipitate 
soon becomes black. 



CAI^n FHOSPHA8 PB^CIPITATA. 

.CALCIS PnOSPHAS. CALCIUM FHOSPHOEICUM. CALCARIA PHOS- 

PHORICA. 

I^ecipiiated FAcapJtate of Lime. Tri-'baaic C'aleium Phosphate, 

A light, white, inodorous, and tasteless powder, emitting 
vapor of water when heated in a diy test-tube, but otlierwise re- 
maiidng unaltered ; it fuses, without decomposition, at an in- 
tense heat. When the powder is moistened with diluted solu- 
tion of argentic nitrate, it assumes a straw-yellow color. 

Calcium phosphate is insoluble in water, but a little soluble 
in water saturated with carbonic acid ; it dissolves, to some 
extent, in acetic acid, and quite readily in diluted hydrochlo- 
ric and nitric acids ; the latter solution remains clear, wlien an 
excess of sodium acetate is added, and gives a copious white 
precipitate on the subsequent addition of oxalic aQid. 

Examination : 

Carbonates are indicated by effervescence when a little of 
the calcium phosphate is first thoroughly mixed with a little 
water, and concentrated nitric acid added afterward. 

Sulphates are detected in the diluted nitric-acid solution by 
a white precipitate with a few drops of barium nitrate. 
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Iron and metallio salts are detected by adding hydrosulpliu- 
ric acid to the nitric-acid solution, and by subsequent over-sat- 
uration with ammonium hydrate. The ensuing precipitate with 
the latter reagent must be perfectly white ; a brown color would 
indicate iron ; a dark one, other metals besides. 



CAIiX CHI.ORINATA. 



Chlorinated Zime. Bleaehing-Powder. Calcium, Hypochlorite. 

A dull-white powder, with a feeble odor of chlorine, being 
a mixture mainly of calcium hypochlorite, hydrate, and chlo- 
ride. Exposed to heat, it gives off oxygen and chlorine, and is 
finally converted into calcium hydrate or oxide and calcium 
chlorate and chloride. Mixed with ten or moi-e parts of water, 
its soluble constituents enter into solution, leaving behind cal- 
cium hydrate, and the insoluble impurities of the lime em- 
ployed in the manufacture of ble aching-powder ; the filtered 
solution i"* cidorless, and of an acrid, nauseous taste, changes 
red litmus for a moment into blue, and decolorizes it almost at 
once, and completely ; it emits the odor of chlorine with acids, 
and forms a white precipitate with sulphuric and oxalic acids, 

Chlorinated lime, exposed to the carbonic acid and moisture 
of the air, to acids, or to acid salts, evolves hypochlorous acid, 
which, when free, readily hrealcs up into water, chlorine, and 
chloric acid ; the latter is also soon resolved into oxygen, water, 
chlorine, and perchloric acid ; a deliquescent residue, consist- 
ing of calcium hydrate, carbonate, and chloride, is left of the 
chlorinated lime. Upon this decomposition- depends the ener- 
getic chemical action of chlorinated lime as an oxidizing agent, 
which, therefore, is proportionate to the percentage of calcium 
hypochlorite, or, in other words, of the available chlorine. In 
order to estimate this, and to determine the value of commer- 
cial bl caching-powder, several methods of testing are employed, 
among which the following two are simple and reliable : 
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„ ,y^ 1. Seventy-eight grains of ferrous sul- 

A'hRI phate {free of ferric oxide) are dissolved 

in about two ounces of water, previously 
toiled, and the solution is acidulated with 
a few drops of hydrochloric acid ; it will 
require about 10 grains of chlorine to 
transform the ferrons oxide, contained in 
that quantity of the salt, into ferric oxide. 
Fifty grains of the chlorinated lime 
to be examined are next ruhbed up with 
a little tepid water, and the whole trans- 
ferred into a burette (Fig. 52) divided into 
100 degrees, which is then filled np to 
with water, washing the mortar; after 
which, the contents are mixed by agitat- 
ing the burette. Each degree of the mix- 
ture, therefore, contains half a grain of 
chlorinated lime. This liquid is allowed 
to flow, little by little, into the ferrons 
solution in a beaker, with constant stir- 
ring with a glass rod, until the ferrous 
oxide is oxidized, which may be recog- 
nized upon a porcelain dish, or a plate of 
glass placed upon white paper, and pro- 
vided with a number of drops of a dUute, 
freshly-prepared solution of potassium fer- 
ricyanide ; the oxidation is aecompliahed 
""■"*■ as soon as a part of a drop of the liquid 

under examination, when brought in contact with one of the 
drops of the ferricyanide solution on the plate, ceases to cause 
a deep-blue coloration. 

The number of degrees of the solution of chlorinated lime 
employed is then read off: since YS grains of ferrous sulphate 
require for oxidation 10 grains of chlorine, the quantity of the 
latter in 50 grains of the chlorinated lime may easily he calcu- 
lated ; thus, suppose 56 such degrees have been used for oxida- 
tion ; then — 
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Each degree containing only half a grain of chlorinated lime, 
this, therefore, contains 35.34 per cent, of available chlorine. 

2. 1.17 gram- 
mes of the chlori- 
nated lime are 
mixed with about 
6 ounces of wa^ 
ter, to which 3.5 
grammes of po- 
tassium iodide, 60 
drops of concen- 
trated hydrochlo- 
ric acid, and a lit- 
tle mucilage of 
stareli, Lave been 
added. To tiiis 
mixture the test- 
solution of sodi- 
um hyposulphite 
(page 63) is added, 
from a burette 
(Fig. 63), until 
the appearance of 
bluish tint of 
the mixture indi- 
cates the termina- 
tion of the test. 

If the sample 
contains 30 per 
cent, of obtainable 
t, „3 "chlorine, 100 cu- 

bic centimetres of 
the test-solution will be required. For instance, as 248 units 
(in this instance, centigrammes) of sodium hyposulphite indi- 
cate the presence of 355 units (centigrammes) of chlorine, 2.48 
grammes of the former, the quantity contained in 100 cubic cen- 
timetres of the test-solution, indicate 0.355 grammes of chlorine. 
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If 100 cubic centimetres of the teat-solution have been used, 
therefore, 0.355 grammes of chlorine ia obtainable from 1.17 
grammes of the chlorinated lime ; and if 1.17 jield 0.355 of 
chlorine, 100 grammes will yield 30,35 grammes. 

Samples of the best commercial bleaching-powder contain, 
on an average, about 35 to 36 per cent, of available chlorine. 



CABBONEI SULPHTJEETUM. 
CAEBONEUM 8ULPHURATUM. ALCOHOL SULPHURIS. 
BUulphuret of Carbon. Carbon BimlpMde. 

A transparent, colorless, very volatile liquid, of great re- 
fractive and dispersive power, of a pungent, somewhat aro- 
matic taste, and a peculiar odor, which, when pui'e, slightly 
resemble that of chloroform. Its spec, grav, is 1.37 at 15° C, 
and it boils at 46.5° C. ; it bums with a blue flame, yielding, 
as the products of combustion, eai-bonic and sulphurous acids ; 
its vapor, mixed with atmospheric air, forma an explosive gas. 

Carbon bisulphide is not miseible with water, and sinks in 
it; wlien agitated with iodine-water, it absorbs the minute 
quantity of iodine dissolved in the water, and acquii'es a faint- 
purple color. 

Carbon bisulphide ie remarkable and im- ' " 

portant on account of its extensive solvent 
powers ; it is miseible, in all proportions, with 
absolute alcohol (the solubility decreasing with 
the decrease of strength of the alcohol), with 
ether, chloroform, benzol, essential and fatty 
oils ; it dissolves readily and freely, among 
other substances, sulphur, phosphorus, bio- 
mine, iodine, iodoform, camphor, caoutchouc, 
gutta-percha, resins, wax, paraffin, stearin, 
chloral liydrate, and those alkaloids which are 
soluble in ether and alcohol. no-M. 

Examination : 

The odor of carbon bisulphide must not be repulsive, u 
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fetid ; it sliould not cause a dark turbidity or precipitate 
iu a Bolution of plumbic acetate, when agitated with it, nor 
change the color of moist litmus-paper. 

An admixture of ethyl or methyl alcohol may readily be 
detected by the lesser density of the liquid, by its impaired 
property of dissolving fatty oils, and by its losing in volume 
when shaken, in a graduated measure, with an equal volume 
of water or glycerin (Fig. 54). 



cebu oxaz^&s. 

cerium oxalatum. 

Oxalate of Cerium. Oeriuw. Oicalate. 

A white, granular powder, without odor or taste, insoluble 
in water, glycerin, alcohol, ether, or chloroform, but soluble in 
eulphuric and hydrochloric acids. Exposed to heat, the salt is 
decomposed, and leaves, at a red heat, a reddish-yellow or 
brown residue of oxide, which is soluble without effervescence 
in boiling hydrochloric acid ; this solution gives, with a satu- 
rated solution of potassium sulphate, a crystalline precipitate 
of cereo-potassium sulphate, Cerinm oxalate dissolves in boil- 
ing liquor potassEe, which solution, when filtered and neutral- 
ized with acetic acid, gives, with solution of calcium chloride, 
a white precipitate of calcium oxalate, insoluble in acetic acid, 
but soluble in hydrochloric acid. 

Examination : 

Earthy caHonates are indicated by effervescence of the salt 
with hydrochloric acid. 

Earthy oxalates are indicated by effervescence of the resi- 
due of the salt when reduced, at a red heat, with hydrocliloric 
acid. 

Aluminium salts may be detected by boiling the oxalate 
of cerium with a strong solution of potassium hydrate, filter- 
ing, and adding an excess of solution of ammonium chloride, 
when a white, flocculent precipitate of aluminium hydrate will 
be formed, if such be present. 
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CHLOKAIit HVDKAS. 

CHLORALUM HYDRATUM CRYSTALLISATTJM. 

SydraU of Chloral. Chloral Hydrate. 

Colorless, Bemi-transparent, crystalline plates, or crystals, of 
a peculiar ethereal odor and pungent taste. Exposed in a dry 
test-tube to a gentle heat, by dipping the tube into hot water, 
chloral hydrate fuses at about 58" C, and Bolidities again when 
cooled down to 15° 0. ; at about 95° C, it boils, and is partly 
resolved into chloral and water, which, however, combine 
again, and form a crystalline deposit in the cooler parts of the 
tube ; at a higher temperature, it is wholly volatilized without 
combustion. 

Chloral hydrate is sohible in about half its weight of cold 
water, and freely in both alcohol and ether, but only sparing- 
ly soluble in cold chloroform, in carbon bisulphide, or in oil of 
turpentine. Its aqueous solution is neutral, and gives no reac- 
tion, when slightly acidulated with diluted nitric acid, with 
diluted solution of argentic nitrate, nor upon subsequent addi- 
tion of aqua ammonite ; but, upon heating this mixture, decom- 
position takes place with effervescence, and with the formation 
of argentic chloride and metallic silver, the latter coating the 
walls of the tube. When the aqueous solution is acidulated 
with diluted sulphuric acid, and faintly tinged with a few drops 
of solution of potassium permanganate, no decoloration should 
take place within a few hours. 

Concentrated sulphuric, nitric, and hydrochloric acids dis- 
solve chloral hydrate with decomposition, but without color, 
and without the evolution of colored vapors. Solutions of the 
alkaline hydrates decompose it, when heated, into soluble for- 
miates and chloroform. Ammonium sulphydrate dissolves 
chloral hydrate, with the evolution of heat, forming a turbid, 
reddish-brown liquid ; the same reagent produces, in concen- 
trated as well as in diluted solutions of chloral hydrate, a yel- 
low coloration, which becomes dark brown, forming, with the 
separation of sulphur, a reddish-brown compound, gradually 
when cold, immediately upon warming. 
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Exawiination : 

Decomposition of chloral hydrate is indicated hy the issue 
of vapors, and by a pungent odor upon opening the vial, by the 
reddening of moistened blue litmus-paper, ■when immev&ed in it, 
and by the formation of white fumes when a glass rod, moist- 
ened with acetic acid, is held over the moutli of tlio vessel. It 
is further indicated, in the aqueous sohition of chloral hydrate, 
acidulated with a few drops of diluted nitric acid, by a white 
precipitate with at^entic nitrate, and in another portion, acid- 
ulated with sulphuric acid, by decoloration of solution of potas- 
sium permanganate. 

Chloral alcoholate is distinguished from the hydrate by the 
property of being readily and freely soluble in cold chloroform, 
in carbon bisnlphide, or in oil of turpentine, but less soluble in 
cold water than is the hydrate, and by its yielding a reddiah- 
brown or brown solution with warm concentrated sulphuric 
acid, and by the evolution of red nitrous vapors with concen- 
trated nitric acid. 

An admixture of the alcoholate with the hydrate may be de- 
tested by dissolving about half a drachm of the sample in two 
drachms of water ; 10 drops of liquor potaEsse are added, and 
the liquid warmed to about 50° C, by dipping the tube into 
water of that temperature; then, one or more drops of solu- 
tion of iodinized potassium iodide are added, so as to impart to 
the liquid, after gentle agitation, a yellowish-brown color; it is 
subsequently carefully decolorized by a few drops of liquor po- 
tassaj ; an ensuing slight tui-bidity will disappear upon gentle 
agitation, if the chloral Iiydrate be pure ; 
but it will remain, and small yellow crys- 
tals, of iodoform (Fig. 55), although some- 
what soluble in solutions of chloral hy- 
drate, will subside, and be recognized 
under the microscope;if chloral alcohol- 
ate be present. 

The following method of approxi- 
mate estimation of the purity of chloral 
hydrate depends upon the volumetric 
determination of the quantity of chloroform produced by the 
decomposition of a known quantity of chloral hydrate : 
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Five Imndred grains of the Barnple are dissolved in about one 
ounce of -water, and the solution poured into a graduated cylin- 
der, divided into 1,000 grain-measures (Fig. 66) ; the vessel 
wherein the solution is effected 
is rinsed with so much water 
as to make up the solution to 
700 grain-ineasnres ; 300 grain- 
measures of aqua ammonise, 
of 0,891 spec, grav., are then 
added, so that the whole njeas- 
ures 1,000 grains. The cylin- 
der is then closed, agitated, 
and immei^ed in tepid water, 
of about 50" C, for half an 
hour, the stopper being tightly 
fitted as soon as the expansion 
of the liquid, caused by the 
warmth, allows it ; it is then 
set aside for 12 hours, when the 
fluid will have separated into 
two layers, a lower one of chlo- 
roform and an upper, more or 
less red -colored, ammoniacal 
aqueous solution of ammonium 
form! ate. 

If the sample was pure hy- 
drate, the chloroform should 
measure not less than 335 
grains, equal to 351.7 grains 
by weight, and 70,3 per cent/ ^k ^t 

of the chloral hydrate era- 
ployed; if it was chloral alcoholate, the chloiotorm \\i\\ meis 
ure about 300 grains, equal to 299 grains by weight, and to 
59.8 per cent, of the chloral alcoholate. 

An admixtnre of the alcoholate with the chlorate will there- 
fore be indicated, proportionately, by the decrease of tlie quan- 
tity of chloroform, ranging, in the above test, between 235 and 
200 grain-measures by volume, and 351.7 and 299 grains by 
weight. 
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CHLOROFOBBtUM. 
CHLOROFORMIUM. 
Chloroform. 
A dense, colorless, volatile, and limpid liquid, of an agree- 
able, ethereal, aromatic odor and sweetiali taste ; it does not 
act npoK litmus, and is not readily inflammable, but, when a 
wick is saturated with chloroform, and ignited, it burns with a 
greenish flame, emitting pungent vapors which contain hydro- 
chloric acid. It is very volatile at common temperatures, pro- 
ducing, by rapid evaporation, great cold, and leaving neither a 
residue, nor a film of moisture, nor any unpleasant odor, when 
wholly evaporated hy the warmth of the hand, by causing the 
chloroform to flow to aud fro, in a porcelain capsule. It boils 
at 61° to 62° C. 

Chloroform sinks in water, being but slightly soluble, one 
part requiring about 100 parts of water for solution. The spec, 
grav. of pure chloroform is about 1.50, at 15.5° 0. ; in this state 
of purity, it is liable to decomposition by tho combined action of 
atmospheric oxygen and of solar light ; it is, however, protected 
against this deterioration by a slight percentage of ethylic alco- 
hol, which is therefore retained in the preparation of medicinal 
chloroform, to the amount of two or three per cent., whereby 
its density is decreased to a spec. grav. of from 1,496 to 1,480. 

Chloroform is miscible, in all proportions, with absolute 
alcohol, with ether, benzol, carbon bisulphide, and essential 
and fatty oils, aud is an extensive solvent for resins, caoutchouc, 
gutta-percha, camphor, paraftin, chloral hydrate, etc. ; it also dis- 
solves iodine, bromine, and, move or leas completely, most vege- 
table altaloida, which latter it almost completely withdraws 
from their aqueous, alkaline solutions. 

Chloroform is not miscible with glycerin, and is insoluble 
in the concentrated mineral acids ; when-shaken with them, 
even at an elevated temperature, it undergoes no perceptible 
change ; nor is it acted upon by the alkaline hydrates, iodides, 
or bromides, nor by argentic nitrate. 

Examinatloa of Commercial Impure, and of Purified Chloroform : 

As & preliminary test for the indication of a partial decom- 
position of chloroform, a test-tube may be rinsed with aqua 
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ammonite, and, subseqaentiy, one or two drops of the chloro- 
form may be allowed to fall to the bottom of the tube ; the 
appearance of white fumes would indicate such decomposition. 
In another test-tube, equal volumes of the chloroform and of 
water, the latter slightly blued with neutral litmus-eolution, 
are shaken ; a decoloration or a red appearance of the water, 
after subsiding, would likewise show decomposition. 

The result of these teats should also he negative, if the 
chloroform has been previously exposed, in a white glass bot- 
tle, to direct sunlight, for about 10 hours. 

CMorine <md Hydrochloric Add, — Two volumes of chloro- 
form are shaken in a graduated cylinder (Fig. OT) with one 
volume of water. A perceptible 
diminution of the volume of the 
ehlorofonii, after subsiding, would 
indicate an objectionable percent- 
age of alcohol. The supernatant 
water must neither appear turbid, 
nor redden blue litmus-paper, nor 
render a precipitate when tested 
with dilute solution of argentic 
nitrate. An acid reaction upon 
litmus, and the occurrence of a 
precipitate with the latter reagent, 
wonld indicate chlorine and hydro- 
chloric cboid. 

Chlorine may also be detected 
by adding the chloroform, drop by 
drop, to a solution of potassium 
iodide (free from iodate) in a test- 
tube. When agitated, the chloro- 
form, after subsiding, will appear 
rose-colored, and the aqueous solu- 
tion yellow, if even traces of chlorine he contained in the chlo- 
roform ; when tliis is the case, and the addition of chloroform, 
in drops, is continued, each drop, falling through the aqueous 
solution, will assume a slight purplish tint. 

Mhene Chloride (Dutch Liquid). — A little fused potassium 
hydrate is dissolved, in a dry test-tube, in some absolute alco- 
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bol ; when the solution Las subsided, the clear part is decanted 
into a dry test-tube, and a little chloroform added. No reac- 
tion will take place in the clear fluid, unless the chloroform 
contains Dutch liquid, in which case an elevatityi of tempera- 
ture will appear perceptible by a small thermometer immersed 
in the liquid ; a slight evolution of gas from the liquid will also 
occur, and a crystalline precipitate of potassium chloride. 

Alcohol. — Since medicinal chloroform, as stated above, con- 
tains about two or three per cent, of alcohol, an examination 
for an admixture of alcohol by one of the following sensitive 
tests would obviously be a contradictio in adjecto. The spe- 
cific gravity, the volumetric test in the preceding examination, 
and the property of chloroform to form a perfectly clear and 
transparent mixture with sweet oil of almonds, which it will 
not do if it contains more than Hve or six per cent, of alco- 
hol, afford a sufficient evidence of the quality of chlorofonn in 
this respect. A chloroform which has a spec. grav. of less 
than 1,48, at 15.5° C, and which renders oil of almonds turbid, 
' and causes a perceptible rise of temperature when suddenly 
shaken, in a dry test-tube, with an equal volume of concen- 
trated sulphuric acid, cannot be considered as being of officinal 
strength. 

Tests for the Detection of Alcohol in Chloroform. 

1. Strong sulphuric acid, to which a littlo potassium bichro- 
mate has been added, when shaken with an equal bulk of chlo- 
roform, will turn green, if the latter contains alcohol. 

2. Two volumes of chloroform and one volume of concen- 
trated sulphuric acid are mixed in a bottle closed with a glass 
stopper ; after repeated agitation, tiie bottle is set aside for a 
few hours ; the liquid is then carefully diluted with about an 
equal bulk of water, the supernatant aqueous liquid is decanted 
into a beaker, and so much of a mixture of pure barium carbon- 
ate in water is added, with constant stirring with a glass rod, 
as completely to neutralize the acid, so that, after gentle warm- 
ing, the cooled liquid does not change blue litmus-paper ; it is 
then passed through a moist filter, and the tiltrate tested with 
diluted sulphuric acid. If the chloroform contained traces of 
alcohol, this would have given rise to the formation of ethj'l- 
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eulphnric acid (sulphovinic acid), and subsequently to soluble 
bariuin ethyl-Biilphate, contained in the filtered solution, and 
which is precipitated by sulphuric acid 
as barium sulphate. Consequently, 
the occurrence of a white precipitate 
will he evidence of the presence of alco- 
hol. 

3. A mixture of two volumes of the 
chloroform with five volumes of water is 
wanned, in a test-tube, to about from 30° 
to 40° C. ; after violent agitation for a 
few minutes, the Hquid is passed through 
a moist filter, and to the filtrate 
is added a little solution of iodin- 
ized potassium iodide ; liquor po- 
tassfe ia then gradually added, 
until the color of the liquid dis- 
appears. After 13 hours' stand- 
ing in a conical glass, a crystal- 
line deposit of iodoform (Fig. 58) 
will have talten place, if alcohol 
be present ; the crj-stala may be 
recognized under the microscope, 
when the deposit is carefully re- 
moved, by .means of a small pi- 
pette (Fig- 59), from the lowest 
point of the conical glass, and 
transferred to a glass slip. 




cnsrcsoTsim sulphas. 

CINCHONINUM SEU CINCHONIUM SULPHURICUM. 
Sulphate of Ginchonia or Ginehonine, Cinchon'm Sulphate. 

Colorless, shining, oblique prisms, with dihedral summits, 
permanent in the air ; when gently heated, in a dry test-tube, 
two molecules of water of crystallization are expelled, and. 
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upon a stronger heat, the salt f'uaea to a red, resinoid mass, 
becomes charred, and is finally completely dissipated, 

Cinchonja sulphate dissolves in about 56 parts of cold, and 
in much less boiling water, in seven parts of alcohol and in 35 
parts of chloroform, and scarcely at aU in ether (distinction 
from quinia sulphate), but it is readily soluble in dihite acids. 
Its aq^ueous solution has a very bitter taste, and exhibits no 
fluorescence ; it is precipitated by solutions of tannic acid, 
potassio-mercuric iodide, potassium bicarbonate {distinction 
from morphia and strychnia), of barium and calcium chlo- 
rides, and of ammonium hydrate; the precipitate with the lat- 
ter reagent is not dissolved by ether, when added and agitated 
with it ; nor does aqua ammonia cause a green reaction, when 
added to the solution of einchonia sulphate in chlorine- water 
(distinction from quinia). 

When concentrated sulphuric acid is poured upon einchonia 
sulphate, in a dry test-tube, it dissolves it without color (dis- 
tinction from salicin and brucia), and the subsequent addition 
of one drop of a solution of potassium bitihromate produces a 
green coloration (distinction from strychnia). It is also dis- 
solved without color by strong nitric acid (distinction from 
morphia). 



Codeia. Codeine. 

Colorless, transparent, rectangular octahedrons, which fuse 
at a temperature below the boiling-point of water, and, when 
heated upon platinum-foil, bum away without a fixed resi- 
due. 

Codeia is soluble in 80 parts of' cold, and in 17 parts of 
boiling, water, and freely in acidulated water and diluted acids, 
and in alcohol, ether, and chloroform, "When heated with less 
water than required for solution, or when dropped into boiling 
watei', it sinks to the bottom, and melts. The aqueous solu- 
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tion of codeia has an alkaline reaction and a very bitter taste, 
remains unchanged upon the addition of aqua ammoniEB or 
liquor potasafe, and forms precipitates with tannic acid, with 
iodiiiized potassium iodide, and with potassio-mercurie io- 
dide. 

"When a small portion of a cold, saturated, aqueous solution 
of eodfjia, in a test-tube, is saturated with one or two drops of 
diluted sulphuric acid, and warmed, it becomes turbid upon 
the addition of one or a few drops of liquor potasste, but is 
rendered transparent again upon dilution with water. Solu- 
tion of codeia gives no blue reaction with ferric salts, nor does 
it reduce iodic acid upon addition of an iodate, nor does it suf- 
fer any coloration upon the gradual addition of concentrated 
sulphuric ayid, and subseqiient addition of a trace of potassium 
bichromate. 

Concentrated sulphuric or nitric acid dissolves codeia with- 
out coloration, and the solution in the former acid acquires a 
bluish tint upon the addition of one drop, or part of a drop, of 
a solution of a ferric salt. 

These characteristics of codeia are sufficient to ascertain 
its identity and purity. Fraudulent admixtures, like sugar- 
candy and crystallized salts, are at once indicated by their 
ready solubility in cold water, and by their insolubility in alco- 
hol and other, and the latter also by a fixed residue upon incin- 
eration on platinum-foil. 



COFFEIKUM. 
Goffeia. Coffeine. Theine. 0-uamnine. 

White, slender, silky needles, which contain one molecule 
(8.4 per cent.) of water of crystallization, and which fuse at a 
gentle heat, and sublime in feathery needles. When added to 
concentrated sulphuric acid, in a dry test-tube, coffeia dissolves, 
forming a colorless solution, which turns yellow upon the addi- 
tion of one drop of a solution of potassium bichromate. Con- 
centrated nitric acid oxidizes coffeia rapidly, forming eom- 
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pouiide which assume a purple color when moistened with, or 
exposed to the vapors of, ammonia. When coffeia is added to 
chlorine- water, in a small porcelain capsule, and evapoi-ated to 
dryness, a purple residue is left, which becomefl yellow upon 
further heating, and red again, when moistened with, or ex- 
posed to the vapors of, ammonia. 

OofFeia dissolves in about 100 parts of cold, and 10 parts or 
less of boiling, water; the warm eatiirated solution separates, 
on cooling, most of the alkaloid ; addition of dilute acids in- 
creases its solubility in water. It is freely soluble in chloro- 
form, in 160 parts of absolute alcohol, and in about 300 parts 
of ether. Its aqueous solution has a bitter taste, and remains 
unaltered, and does not assume a purple color when it is ex- 
posed to the air, after the addition of a little aqua i 
(distinction from phlorizin). 



COLCEICIA, 
COLCHICINUM. 
ColcAicia. Colchicine. 

An amorphous, yellowish-white powder ; when heated upon 
platinum-foil, it melts and burns away, with intumescence. 
Added to concentrated sulphuric acid, in a diy test-tube, it 
agglomerates, and, upon agitation, diseolves, with an orange- 
yellowish color, which soon turns yellowish-brown, but not vio- 
let (distinction from veratria) ; strong nitric acid, or sulphu- 
ric acid to which has been added a little nitric acid, colors it 
deep violet, which color passes into indigo-bluOj and quickly 
becomes, next, olive-green, and then yellow. 

Colchicia is freely soluble in water (additional distinction 
iroro veratria), alcohol, and chloroform, and less so in ether. 
Its aqueous solution has a very bitter but not an acrid taste, 
becomes turbid with chlorine-water, and assumes, on subse- 
quent addition of aqua ammoniEe, a yellowish-red color. 
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A colorless, transparent, oily -looking, volatile fluid, becom- 
ing brown and darker upon exposure to warmth and air; it 
has a strong, penetrating odor, resembling tliat of a combina- 
tion of tbe odors of tobacco and mice ; its taste is acrid, some- 
what like that of oil of tobacco. When dropped upon paper, 
conia produces, like an essential oil, only a transient stain, 
wliicii by a gentle warmth entirely disappears. It bums with 
a bright, smoky ilame. 

The spec. grar. of conia is from 0.88 to 0.89 ; when dropped 
upon water, it floats (distinction from nicotia). 

Oonia combines with one-fourth of its weight of water, 
forming a hydrate ; it is but sparingly soluble in water, one 
part requiring about 100 parts of cold water ; the solution has 
an alkaline reaction, becomes turbid when warmed, turns 
brown when exposed to the air, and gradually deposits a 
brown resinous mass; it forms white precipitates with tannic 
acid and with potassium mercuric iodide. 

Conia dissolves readily in water acidulated with hydrochlo- 
ric acid, and is miscible with alcohol, ether, chloroform, car- 
bon bisulphide, and fixed and volatile oils. 

Conia produces white fumes with the vapors of nitric, hy- 
drochloric, and acetic acids ; when dropped into strong sulphu- 
ric acid, it dissolves without color ; upon addition of one drop 
of a solution of potassium bichromate, a reddish-brown color 
ensues, which, however, quickly turns to an olive-green. Con- 
centrated nitric acid turns conia deep purple, and an excess of 
the acid produces a vehement reaction, with the evolution of 
nitrous acid. The alkaline hydrates do not act upQn conia. 

iExamiaation : 

The admixture of volatile or fixed oils, or of ammomum 
hydrate (which may also have resulted from gradual decompo- 
sition), may be detected by mixing one drop of conia with 10 
drops of water, upon a watch-glass or in a test-tube, and by 
subsequent addition of one drop of strong hydrochloric acid; 
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the conia should rea(^ily and wholly dissolve to a clear homo- 
geneous solution ; any turbidity or oily appearance would indi- 
cate such an admixture. If, now, about lialf a drop of solution 
of platinum chloride is added, a yellow precipitate wiU take 
place if ammonium hydrate be present. 



CHEASOTTTSI. 

CREOSOTUM. KREOSOTUM. 
Greasote. Wood-Tar Creosote. 

A distinction Jias to be made with commercial creasote be- 
tween the creasote obtained from wood-tar and that derived 
from coal-tar ; the latter is principally a mixture of impure 
phenol, cresol, and similar homologous alcohols, or only an im- 
pure carbolic acid, and exhibits the properties and reactions of 
carbolic acid {see page 78), 

"Wood-tar creasote is a colorless, somewhat oily liquid, of a 
peculiar, persistent odor, resembling that of smoked jneat, and 
of a caustic, pungent taste ; it do^ not crystallize, nor become 
solid, when its temperature is lowered down to —27° C. (dis- 
tinction from coal-tar creasote) ; it boils at about 200° 0. 

Wood-tar creasote is heavier than water, and less readily 
dissolved therein than carbolic acid, requiring about 80 parts 
of cold, and 24 parts of boiling, water for solution ; its solubil- 
ity, specific gravity, and boiling-point, however, all vary, since 
creasote is not an homogeneous substance. It is miscible with 
alcohol, ether, chloroform, benzol, and carbon bisulphide, with 
anhydrous glycerin, and with fatty and essential oils ; it dis- 
solves resins, camphor, and fats, and is solujile in acetic acid ; 
it coagulates albumen, hut not collodion, mixes with concen- 
trated sulphuric and nitric acids with decomposition, and with 
liquor potass^ without decomposition, but is not miscible with 
aqua ammoniie. 

A slip of pine-wood immersed in wood-tar creasote, and 
afterward in hydrochloric acid, acquires a greenish color, on 
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exposure for a short time to the air. Oreasote is a powerful 
refractor of light ; when exposed to the air and light, it doea 
not decompose, hut absorbs moisture, and becomes in time yel- 
lowish or reddish. It ia combustible, and burns with a sooty 
flame. 

Examination : 

The admixture of volatile or Jixed oils and oily impuriH^ 
may be detected when about one dracbm of the oreasote ia agi- 
tated with three drachms of strong acetic acid ; a clear solution 
must take place ; a remaining oily layer or oily appearance 
would indicate such admixtures. 

The dijsti/nciions ietween wood-tar creasote and coal-tar creor 
sote, or wood-tar oreasote with an admixture of the latter ^ are 
the following : 

Wood-tar creasote remains lic[uid when cooled in a mixture 
of broken ice and common salt ; coal-tar creasote and carbolic 
acid either solidify or deposit crystals at such temperatures. 

Wood-tar creasote, when mixed and shaken with collodion, 
produces a clear liquid ; carbolic acid and coal-tar creasote form 
a kind of jelly. 

The aqueous solution of wood-tar creasote forms, with a iew 
drops of neutral solution of ferric chloride or sulphate, a yel- 
lowish or yellowish -green turbidity; the solution of coal-tar 
creasote gives, with the same reagent, a blue or blnish-violet 
coloration. The same reagent, with an alcoholic solution of 
wood-tar creasote, gives a green coloration, and with that of 
coal-tar creasote, a brown one. 

Wood-tar creasote is not miseible with aqua ammonise for- 
tior, while coal-tar creasote and carbolic acid are. 

Wood-tar creasote may also be distinguished from carbolic 
acid, or from coal-tar creasote containing it, by the following 
comparative tests : 

Nine drops of each sample of the creasote or Qarbolie acid 
to be tested are placed separately in as many small test-tubes 
as there are samples ; to each tube is then added one drop 
of liquor ferric chloride, of a spec. grav. of 1.35 ; creasote 
will yield a colorless, carbolic acid a yellowish, mixture ; five 
drops of strong alcohol are then added ; creasote forms a green 
solution, carbolic acid a brown one; and when, iinally, 60 
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drops of water are added, tlie creasote solutum becomes turbid, 
and of a dingy-brownish color, and separates drops of creaeote ; 
while that of carbolic acid turns a beautiful blue and remains 
transparent, or if, at first, a few oily drops are separated, they 
will redissolve on agitation. 



CUPBI ACETAS. 

CUPRUM ACETICUM. 

Acetate of Copper. Oupric Acetate. 

Transparent, dark-green, rbomboidal prisms, slightly efflo- 
rescent on the surface, and emitting the odor of acetic acid 
■when triturated or warmed with strong nitric or sulphuric 
acid. 

Cupric acetate dissolves in 14 parts of cold, and in 5 parts 
of boiling, water, and is also soluble in alcohol, especially when 
acidulated with acetic acid ; its solutions have a bluish -gi'een 
color, a nauseous, styptic taste, and assume, when much diluted 
with water, an azure-bhie color upon addition of aqua aramo- 
niee or solution of ammonium carbonate, remaining clear 
upon the subsequent addition of liquor potassfe. 

The absence of iron and other impurities may be suificient- 
Ij ascertained by heating and precipitating the aqueous solu- 
tion of cupric acetate with an excess of liquor sodie ; when 
coo!, the liquid is filtered ; the filtrate must render no reaction 
with hydroBulphurie acid. On the other hand, the aqueous 
solution of the salt, when acidulated with hydrochloric acid, 
and completely precipitated with hydrosulphuric acid, must 
yield a filtrate which leaves no residue upon- evapoi'ation upon 
platinum-foil, and does not become turbid with sodium carbo- 
nate. 

Cupri Suba^etaB. — Aerugo or verdigris is a mixture of sev- 
eral basic cupric acetates with various impurities ; it occurs in 
masses of a pale-green or bluish color, and burns away when 
heated upon charcoal before the blow-pipe, leaving behind me- 
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tallie copper. "When heated in a test-tube, witli concentrated 
Bulphuric acid, it emits acetic-acid vapors. Water resolves ver- 
digris into a soluble acetate and an insoluble basic acetate ; it 
is soluble in diluted acetic, hydrochloric, nitric, and sulphuric 
acids, and in an excess of solutions of ammonium hydrate or 
sesqui-carbonate ; the insoluble remainder consists mainly of 
impurities, among which calcium carbonate (crude chalk) is 
recognized by eftervescenee of the verdigris with acids. For 
iurther examination, part of the solution in acid is completely 
precipitated with hydrosulphurie acid ; the obtained filtrate 
uiust leave no residue upon evaporation, nor afford a precipi- 
tate when over-saturated with sodium carbonate ; a residue and 
a brown precipitate would indicate iron, and also earthy ad- 
mixtures. 



CITPBI OXIDUM. 

OUPEUM OXTDATUM. 
Blaek Oxide of Copper. Ovpric Oaide. 

A dense, black powder, when prepared hj ignition of cupric 
nitrate, or a less dense, bluish-black, soft powder, wlien ob- 
tained by precipitation. It remains unaltered when heated to 
redne^, is insoluble in water and alcohol, but slightly soluble 
in saliva and in the gastric juice, and readily soluble in acids ; 
its Bolationa have a blue or greenish-blue color, and they a&- 
sume, when so much diluted as to appear almost colorless, an 
azure-blue color upon addition of aqua ammonife, and a red 
color with potassium ferrocyanide. 

Examioation : 

Ouprie nitrate and nitrite are recognized, in the oxide, by 
the evolution of acid nitrous vapors, when heated, in a test-tube, 
either dry, or with concentrated sulphuric acid j if they are not 
distinctly recognized by the odor, they are by their action u])on 
moist blue litmus-paper, when held in the orifice of the tube. 

Melallio Impurities. — About 30 grains of the cupric oxide 
are dissolved in tliree drachms of warm concentrated hydro- 
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chloric acid. A small portion of tliis solution is warmed in a 
teat-tube, and completely precipitated with an excess of hydro- 
sulphuric acid ; the filtrate is over-saturated with sodium car- 
bonate, and allowed to stand for several hours ; an ensuing 
precipitate would indicate metallic (I'erric) or earthy oxides. 




The remaining greater portion of the hydrochloricaeid solu- 
tion may be tested for arsenic by placing it upon granulated zinc, 
in a large teat-tube, which is then closed with a bunch of cotton, 
moistened with solution of plumbic acetate, and with a paper 
cover or a cork, provided with a strip of paper moistened with 
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solution of argentic nitrate (Fig, 60), The test is then eon- 
ducted as described on pages 30 to 32. A dark coloraiion of 
the argentic-nitrate solution wouid indicate arsenic. 



cxjphj: sulphas, 
cupsum sulphuricum. 

Sulphate of Copper. Cuprie Sulphate. 

Large, transparent, oblique, rhomboidal prisms of a deep- 
blue color, containing iive molecules (36.08 per cent.) of water 
of cryatallization ; they are slightly efflorescent in the air, and 
lose, when heated, four molecules of water at 100° C, the fit^h 
one being retained until a red heat, when decomposition takes 
place, with the evolution of sulphurous acid and of oxygen, 
leaving behind black oxide of copper. 

Oupric sulphate is soluble in four parts of cold, and in less 
than its own weight of boiling, water, but insoluble in alcohol ; 
its solution has an acid reaction, a strong metallic, styptic taste, 
and, when diluted with so much water as to make it appear 
almost colorless, reassumes a blue color upon addition of aqua 
ammonife ; it gives a white precipitate with barium chlonde, a 
reddish-brown one with potassium fevrocyanide, and a green 
one with arscnious and arsenic acids, and subsequent neutrali- 
zation with liquor potassse or sod^. 

Examination : 

Ferrous sulphate is recognized by dissolving the sulphate in 
diluted aqua aramoniEe, or, in solutions, by adding an excess 
of aqua ammonife ; the ferrous hydrate is precipitated along 
with the eupric hydrate, without being redissolved in an excess 
of the reagent. 

Traces of iron may be detected by mixing an aqueous solu- 
tion of the salt with twice its volume of chlorine-water, and by 
the subsequent addition of aqua ammonife ; the precipitate, 
formed by the first addition of the ammonium liydrate, will be 
dissolved by a sufficient addition of the reagent, yielding a com- 
plete violet-blue solution. This is then iiltered, and. when all 
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the liquid liaa passed through the filter, the latter is ■washed 
with a, little dilute aqua ammoniEe ; a brown coating, remain- 
ing upon the filter, would indicate traces of iron salts. 

Magnesium, Zine, Potassmm, and Soditmi Sulphates. — 
About one drachm of the cupric sulphate, taken from a num- 
ber of triturated crystals, is dissolved in two ounces of hot 
■water, the solution is acidulated with a few drops of diluted 
hydrochloric acid, and, while warm, completely precipitated 
with hydrosulph uric-acid gas ; after a few hours, it is filtered, 
and the filtrate evaporated to dryness ; if any residue remains, 
it is dissolved in a little ■water, and divided into two portions, 
one of which is tested with ammonium snlphydrate, the otlier 
with a few drops of aqua ammonias and of solution of sodium 
phosphate ; a white precipitate with the first reagent would 
indicate sine, ■with the second one, magnesium. If neither of 
these be present, the residue can only be an alkaline sulphate. 
Estimation of Commercial Crude Gnpric Sulphate : 
The following is a simple and ready mode of ascertaining 
the percentage of cupric sulphate contained in crude blue vit- 
riol, some inferior kinds of which are largely erj'stallized to- 
gether with ferrous sulphate : One hundred grains of the salt, 
taken from a portion of the mixed and triturated crystals, are 
dissolved, in a small tared beaker-glass, in about one ounce and 
a half of water; when necessary, the solution is filtered, and 
the filter washed with one or two drachms of water ; the fil- 
trate is returned to the beaker, is acidulated with about one 
fluid-draelim of concentrated hydrochloric acid, and then a 
piece of a thin zinc rod, about one inch long, is suspended 
in the solution by a very thin 
platinnm-wire (Fig. 61) ; the 
beaker is then allowed to stand 
perfectly quiet for 24 iiours. 
After that tiuTe, the copper will 
have precipitated as a hriglit, 
spongy mass, around the zine 
rod. In order to ascertain if the 
precipitation has been complete, 
a few drops of the solution are taken by a glass rod or a pipette, 
and dropped into a little aqua ammonise, or into a little hydro- 
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sulphuric acid acidulated with a few drops of liydrochlorie acid ; 
they will produce a blue coloration in the firat instance, and a 
black turbidity with the second reagent, if any copper is left in 
solution. The copper is then carefully and completely removed 
from the zinc rod by means of a camel's-hair brush, and, if 
necessary, the apparatus is allowed, after the addition of a little 
diluted hydrochloric acid, to stand for 24 hours more; then, 
when the copper is completely abstracted from the solution, it ia 
brushed down into the liquid, and washed from the zinc hy 
means of a washing-bottle ; the zinc is now removed, a little 
diluted hydrochloric acid added, and the copper allowed to de- 
posit; when this has taken place, the supeniatant liquid is 
carefully removed by decantation, or by means of a pipette, 
and water is added and removed in the same manner as soon as 
the copper has subsided ; this washing is repeated several times, 
until the water ceases to redden blue litmus^paper. Then the 
beaker with the copper is completely dried, and is finally 
weighed. The weight gives the quantity of metallic copper, 
and, multiplied by 3.933, the corresponding quantity of crystal- 
lized cuprie sulphate, contained in 100 grains of the blue vitriol. 



CUPBUM AMmONIATUm. 
CUPRUM SULPHDRICUM AMMONIATUM. 
AmnioTiio-SulphaU of Copper. Atn/mnniateA Oupric 

A deep azure-blue, crystalline powder, of an ammouiaeal 
odor ; exposed to the air, it loses gradually ammonium hydrate, 
and assumes a greenish appearance ; this same decomposition 
takes place rapidly upon heating, and leaves behind b^ic cuprie 
sulphate. 

Ammoniated eiipric sulphate is soluble in one and a half 
part of cold water ; incomplete solubiUty indicate partial de- 
composition. When the solution is diluted largely with water, 
it becomes turbid, and separates basic cuprie sulphate, which, 
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however, is redissolved upon the addition of aqua animoniEe o 
of acids. 



digitalhtum. 

Bigitalin. 

Commercial digitalin varies somewhat in its physical prop- 
erties, in consequence of different modes of preparation and 
different grades of purity. 

Oertna/n digiUAm, whicli is mostly used in the United 
States, forms yellow isli- white or yellowish-brown porous scales 
or powder, inodorous, and of an intensely bitter taste; 
heated upon platinum-foil, it bjims off slowly, M-ith intu- 
mescence. It is soluble in water, forming a turbid, neutral 
liquid, which foams upon agitation ; it is also soluble in alco- 
hol, partly so in chloroform, and insoluble in ether. Its aque- 
ous solution, when slightly acidulated with hydrochloric acid, 
becomes first turbid, and a ilocculent white precipitate soon en- 
sues, especially upon gentle warming. "When the liquid, after 
several hours, is filtered off, and over-saturated with sodium 
carbonate, it turns blue upon the addition of one drop of dilute 
solution of cuprie sulphate, and, when set aside, in a warm 
place, deposits, after a while, red cuprous oxide. 

"When about two drops of the aqueous solution of digitalin 
are mixed, iu a test-tube, with four or five drops of strong hy- 
drochloric or sulphuric acid, the liquid remains at firat clear, 
but, when immersed in boiling water, it turns successively yel- 
low, yellowish green, and then yellowish brown, and a precipi- 
tate is formed, which, upon addition of water to the liquid, 
appears white, with a slightly greenish tint ; the supernatant 
liquid shows tlie same color. After some time, this tint disap- 
peai's, and the precipitate as well as the liquid becomes color- 
less. When the same test is performed with a dilute solution 
of sugar and with hydrochloric acid, a similar reaction takes 
place, but without the formation of any precipitate. 

Digitalin prepared 5y the process of IToniolle and Qitevenme 
forms either a yellowiah-white powder or a white, porous, mam- 
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millated mass, or small scales, almost insoluble in cold and 
warm water and in ether, but readily soluble in alcohol and in 
acids ; it is also soluble in chloroform. If not already purilied 
by solution in cliloroform, and subsequent evaporation, as it 
now occurs in commerce, this digitalin, when treated with chlo- 
roform, leaves an insoluble residue behind, and the solution 
yields, upon evaporation, the crystallizable digitalin.* Its solu- 
tion in hydrochloric acid is of a fain t-y ell owish color, but soon 
changes to green ; upon dilution with water, it is decolorized, 
and digitalin separates in a resinous state. Its solution in ni- 
tric acid is at firat colorless, but becomes yellow and remains 
so after subsequent dilution with water. Sulphuric acid dis- 
solves it with a green color, disappearing upon dilution with 
■water. Moistened with sulphuric acid and afterward exposed 
to the vapor of bromine, it assumes a violet color. 



EMETINUM. 
Emetine. Emetia. 
A whitish or yellowish-white, inodorous powder; heated 
upon platinum-foil, it melts, and bums oiF without residue ; it 
is sparingly soluble in cold water and in ether, more soluble in 
boiling water, and freely in alcohol, chloroform, and diluted 
acids. The latter solutions have a slightly yellowish color and 
a bitter taste, and form white precipitates witli tannic and gallic 
acids, with potassio-mercuric iodide, and with solutions of po- 
tassium, carbonate, bicarbonate, and hydrate, the precipitate 
with the latter reagent being soluble in an excess of the pre- 
cipitant. The solution of emetia, in water acidulated with 

• Reoenllj' a mode of proparing this glucoside has been derised whereby it is 
obtained from its solution in ohloi-oforai in fine, oolorleES, shining needles, intensely 
bitter, and, as is clniuied, of a. far greater phyaiologieal action; it gives an intense 
emerald-green coloration with hydrochloric acid, is almost insolnble in benzol and in 
pure ether, only aparingly soluble in water, aolable la 12 parts of alcohol, and abun- 
dantly soluble in chloroform. 
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hydrochloric acid, remains colorless upon the addition of di- 
luted solution of ferric chloride (distinction from morphia) ; nor 
does it I'ender any reaction with concentrated sulphuric acid, 
either alone or after the addition of a little potassium bichro- 
mate ; concentrated nitric acid colors the solution yellowishj 
and, upon warming, yeUowish red. 



,UM AllSENICUM, 

',6 of Iron. Ferroiia-Forrie Arseniate. 

When freshly prepared, an amorphous white powder, which 

C[nickly becomes green or greenish blue ; when heated in a dry 

test-tube, it emits water-vapors, and, afterward, a crystalline 

sublimate of arsenious acid, leaving behind a dark residue, 




which evolves the odor of arsenic when heated upon charcoal 
before the blowpipe, and gives rise to the forn^ation of an 
arsenic-mirror, wlien heated with a little potassium cyanide, 
in a narrow tube (Fig, 62). 

Aracniate of iron is insoluble in water, but readily soluble 
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in warm- hydrochloric acid, forming a yellow eolutioii, which, 
when highly diluted, gives a tliie reaction with both potassium 
terrocyanide and ferricyanide; when the solution is mixed 
with several times its bulk of hydrosulphurie acid, and set 
aside in a corked vial, in a warm place, first a white tnrbidity 
(sulphur) appears, and, after some time, a yellow precipitate, 
Ferrous-ferric areeniate, when boiled in a solution of sodium 
carbonate, yields a filtrate which, when exactly neutralized 
with nitric acid, gives a brick-red precipitate with argentic ni- 
trate, and a white one with ammoniated magnesium sulphate. 

Examination : 

About one drachm of the powder is shaken with a little 
tepid water, and the filtrate is tested by evaporation on plati- 
num-foil, as well as with barium chloride ; neither should a fixed 
residue remain, nor a white precipitate be formed, as thereby 
an insufficient washing of the ferrous-ferric arseniate would be 
indicated. 



FBBBI CABBONAS SAOCHAKATA. 

FEKKUM CARBONICITM 8ACCHAEATUM. 
Saceharated Carbonate qf Iron, or Ferrous Carbonate. 

A greenish-gray powder, permanent in the air, having a 
sweet, feebly-chalybeate taste. Heated in a dry test-tube, it is 
charred, with tlie evolution of the vapors and odor of burning 
caramel. "When shaken with cold water, this dissolves the 
sugar, and a little of the ferrous carbonate, which may be pre- 
cipitated, for the most part, as ferrous hydrate, by boiling the 
solution ; the powder is wholly and readily soluble, with eiFer- 
vescence, in hydrochloric acid, terming a yellow solution which 
gives, with reagents, the reactions of ferrous salts. 

A saceharated carbonate of iron which has a reddish color, 
and affords no brisk effervescence with acids, should be re- 
jected. 

Examination : 

Sulphates may be detected by shaking a little of the pow- 
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der with warm water, in a test-tube, and by testing the filtrate, 
acidulated with a few drops of diluted nitric acid, with barium 
nitrate ; a white precipitate would indicate sulphate, left from 
insufficient washing in the preparation. 

Copper am,(l Zinc. — ^The remainder upon the iilter of the 
preceding test is digested in a teBt-tube, with a little solu- 
tion of ammonium sesqui- carbonate, for about one hour. The 
liquid is then Altered ; a bluish color of the filtrate would indi- 
cate the presence oi copper, and the formation of a white pre- 
cipitate, upon the addition of a few drops of ammonium 
sulphydrate, that of zinc. 



FEBBI CHIiOBIDUK. 

FERRI PERCHLORIDUM. FERRUM SESQUI-CHLORATTIM. 

Se»'jui-Ghl<iride of Iron. PercIiloHde of Iron. FerrU Chloride. 

Orange-yellow, crystalline masses, or, when obtained in the 
dry way, fragments having a radiate, crystalline structure, and 
"brown color, with a metallic lustre, the former containing 13 
molecules {40 per cent.), the latter, 5 molecules (22 per cent.), 
of water. Ferric chloride is deliquescent ; when heated in a 
retort, it fuses at a gentle heat, giving off water ; upon stronger 
heat, much of the cliloride is decomposed, yielding ferric oxide 
and hydrochloric acid ; part of the chloride sublimes, and con- 
denses in the form of small, brilliant, red needles of anhydrous 
ferric chloride, which is very deliquescent. 

T"erric chloride is freely soluble in watet", alcohol, and gly- 
cerin, and also, hat less readily, in ether and chloroform. A 
strong aqueous solution, of a spec, gi'av. of 1.355, forms the 
officinal lAqiior ferri cMoridi. Tliis, as well as the solution 
of the salt, has an acid and strongly styptic taste, and an acid 
reaction on test-paper ; when diluted with water, they give a 
blue precipitate with potassium ferrocyanide, a white one with 
argentic nitrate, and a bulky reddish-brown one with the alka- 
line hydrates. 
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Examination : 

Ferrit; chloride must yield a complete and clear solution in 
water and in alcoliol; if a reddish, insoliihle residue remains 
behind, the chloride has undergone partial decomposition. 

Femms chloride is detected, in the greatly diluted solution, 
hy the formation of a blue precipitate with potassium ferri- 
cyanide. 

Fixed Impurities, other Metallie Chlorides, and Witric mid 
Siilpkuric Acids. — About 30 grains of the ferric chloride, or 
one drachm of the officinal liquor ferri chloridi, are dissolved 
in, or mixed with, about one ounce of water. To this solution, 
about half an ounce of aqua ammonite ia added, or so much as 
completely to precipitate the iron, which may be ascertained 
by allowing a drop of the liquid to fall upon a glass pane, on 
which several drops of a solution of potassium ferrocyanide 
have been placed. The piecipitition is accomplished when the 
blue reaction with this reagent ceases The liquid ia then 
warmed to near boiling, is subsequently filtered, and evapo- 
rated to about one-fouith ot its volume It is then tested^ in 
separate portions, foi Jtxed impurittes^ by evaporation, and 
heating to redness, upon platinum-foil ; tor metallio impurities 
(copper and zinc), by mixing a portion of tlie solution with an 
equal volume of hydrosulphuric acid ; for nitric acid, by mix- 
ing another part with an equal volume of diluted sulphuric 
acid, and by testing it, in two portions, with solution of in- 
digo and solution of potassium permanganate ; a decoloration 
of the faintly-colored solutions, upon gently warming, would 
indicate nitric acid ; for sulphuric add, by testing another 
part of the solution, acidulated vrith a few drops of hydrochlo- 
ric acid, with barium chloride. 

The presence of nitric acid may be confirmed by mixing a 
portion of the solution, or of the diluted liquor ferri chloridi, 
with a strong solution of ferrous sulphate, and by subsequent 
addition of concentrated sulphuric acid, in single drops ; they 
will cause a dark coloration, if oxides of nitrogen be present. 
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rSBBI CITBAS. 

FERRUM CITRICUM. 
Citrate of Iron. Ferric Citrate. 

Thin, transparent scales, of a garnet-red color, permanent 
in the air; when heated on platinum-foi!, they are charred 
withoiit fusing, and without the evolution of an ammoniacal 
odor (distinction from ammonio-ferrie citrate) ; when com- 
pletely incinerated, red ferric oxide is left, which, when cool, 
should have no alkaline reaction upon moist turmeric or lit- 
mus paper (distinction from potassio-ferric tartrate). 

Ferric citrate is slowly soluhle in cold, and readily in hot, 
■water, and insoluble in alcohol ; its aqueous solution has a yel- 
low color, a mild chalyheate taste, and a neutral reaction; it 
is not precipitated hy ammonium hydrate, and causes a deep- 
blue turbidity when dropped into water to which a few drops 
of hydrochloric acid and solution of pot^sium ferrocyanide 
have been added. 



FerriG tartrats may be detected by completely precipitat- 
ing a solution of ferric citrate with liquor potass^, and by test- 
ing the colorless filtrate by slightly over-saturating a portion 
of it with acetic acid ; when the solution is very dilute, it is 
first reduced by evaporation, and, when cold, tested with a few 
drops of concentrated alcoholic solution of potassium acetate; 
a white granular precipitate, taking place at once or after 
dome time, would indicate tartrate. Another portion of the fil- 
trate is precipitated with calcium chloride, and filtered ; the fil- 
trate, when heated to boiling, should yield a white, granular 
precipitate of calKiQin citrate, which redissolves on cooling, 
being a confirmatory evidence of the identity of a citrate. , 
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Ammonio- Chloride o/Iron. Ainraonio-Ferrie Chloride. 

An orange-yellow, crystalline powder, somewhat deliques- 
cent, readily soluble in water or glycerin, and to some ex- 
tent in alcohol, forming a yellow, transparent solution, which 
{^ives a copious rust-brown precipitate with alkaline hydrates, 
and, when very dilute, a deep-blue one with potassium t'erro- 
eyanide, and a white, curdy one with argentic nitrate. 

Examination : 

One part of the salt should render a complete and transpar- 
ent solution with five parts of water ; a reddish-brown insolB- 
ble residue would indicate decomposition of the ferric chloride 
by exposure to a too strong heat while drying tiie salt. 

Zino and Copper. — The dilated aqueous solution is tested 
with potassium ferricyanide for ferrous chloride, and, when 
found free from it, is completely precipitated with ammonium 
hydrate; the filtrate is then tested with ammonium eulphy- 
drate, which will cause a white turbidity, if zinc be present, 
and a brownish-black one, if copper. 



EBHJH BT AMMONII C1TEA3. 



Citrate qf Iron om.d Am/moniuTa, Am/monio-Ferrio Citrate. 

Thin, transparent, garnet-red scales, of a slightly- sweetish 
and astringent taste; they evolve, when heated,, water and 
ammonia, and, when completely incinerated upon platinum- 
foil, leaTe behind not less than 27 percent, of ferric oxide, 
which should not change the color of moist red litmus-paper 
(evidence of the absence of potassio-ferrie salts). Heated with 
liquor potassse, it evolves ammonia (distinction from ferric 
citrate), and deposits ferric hydrate. 
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Ammonio-f'erric citrate is readily soluble in water, glycerin, 
and diluted alcohol, but not in strong alcohol or ether; its 
solution is neutral or has a slightly alkaline reaction, remains 
unaltered with a^ua ammonise, and with solution of potassium 
ferrocyanide, but produces a deep-blue turbidity in very dilute 
solutions of the latter reagent, upon addition of mineral acids. 

Examination i 

Amm,onio-femc tartrate may be recognized, as an inci- 
dental or fraudulent admixture or substitution, by completely 
precipitating a not too dilute aqueous solution of the salt with 
potassinm hydrate ; the liquid is heated nearly to boiling, and, 
when cool, filtered; one portion of the colorless filtrate is ex- 
amined by slight over-saturation with acetic acid, and by 
subsequent addition of a little alcoholic solution of potassium 
acetate, and by allowing the liquid to stand for some boura ; 
the formation of a white, crystalline deposit would indicate 
tartrtsbe. 

Another portion of the filtrate is precipitated wit}i calcium 
chloride, filtered, and the filtrate heated to boiling. A white 
precipitate of calcium citrate, disappearing again on cooling, 
will bear evidence of the identity of a citrate. 



PEREI BT AMMONU SULPHAS. 



Sulphate of Iron and Ammonium. Iron Alum. Ammonio-Ferric Sul- 
phate. 

Pale-violet, octahedral crystals, containing 34 molecules 
(44.8 per cent.) of water of crystallization ;-effervescent in the 
air. Exposed to heat, they undergo aqueous fusion, lose the 
water of crystallization, swell up, and leave a pale-brown resi- 
due. When tho crystals are heated with liquor potassse, the 
odor of ammonia is strongly evolved. 

Ammonio-ferrie sulphate is soluble in four parts of cold, 
and in less than its weight of boiling, water ; it is less soluble 
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in glycerin, and insoluble in alcohol, ether, and cliloroform. 
Its aqueous solutioti has a slightly acid reaction, a eour, astrin- 
gent taste, and gives a blue precipitate with potasaium ferro- 
cjauide, a brown one with the alkaline hydrates, and a white 
one, insoluble in acids, with barium nitrate. 

"When the solution of anlnionio-ferric sulphate is completely 
precipitated with liquor potassffi, the filtrate, when over-satu- 
rated with hydrochloric acid, should not render a white pre- 
cipitate of alumina upon the subsequent addition of an excess 
of ammonium sesqui-earhonate. 



PEEKI ET AmMONH TARTRAS. 



Tartrate of Iron and Ammonium. Am-monio-Fevric Tartrate. 

Transparent, deep-red scales, of a sweet taste, and of a ruat- 
brown color when reduced to powder; when heated in a test- 
tube, the salt emits vapors of water and ammonia, and, when 
exposed to red heat, upon platinum-foil, it is incinerated, leav- 
ing behind 29 per cent, of red ferric oxide. Heated witli po- 
tassium hydrate, it evolves the odor of ammonia. 

Amnionio-ferrie tartrate is slowly but freely soluble in wa- 
ter and in glycerin, but insoluble in alcohol and ether ; its solu- 
tion is neutral or slightly alkaline, and, when cold, is not pre- 
cipitated by the alkaline hydrates or carbonates, but is so upon 
boiling it with either of these reagents. Its solution is not 
rendered blue by potassium ferrocyanide, unless acidulated. 
When completely precipitated by potassium hydrate, the fil- 
trate, if not too dilute, gradually yields, after over-saturation 
with acetic acid, a white, crystalline deposit of potassium bitar- 
trate. Another part of the filtrate may serve for examination 
for metallic impurities, by acidulating it with hydrochloric 
acid, and by subsequent addition of hydrosulplinrie acid; a 
dark turbidity would indicate other metals (copper) ; if re- 
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quired, the nature of the precipitate of the sulphides may be 
ascertuined, and the metals contained therein recognized, by the 
method described on page 41. 



fEBBI ET POTASSII TASTBAS. 

FERRUM ET FOTASSIUM TARTABICDM. 

TartratB of Iron and Potassiv/m. Pataedo-Ferric Tartrate. 

Transparent, ruby-red scales, of a sweetish and slightly as- 
tringent taate ; when heated, they emit at first the odor of burn- 
ing tartaric acid, and leave, upon incineration at a red heat, a 
residue which, when cold, blues moist red litmus-paper, and 
efi^ervesces when moistened with a drop of hydrochloric acid. 

Potassio-ferric tartrate is freely soluble in water and in gly- 
cerin, but scarcely in alcohol ; its solution is neutral or slightly 
alkaline, and gives, at common temperatures, no precipitate 
with alkaline hydrates or carbonates, nor with potassium ferro- 
cyanide; bat, upon boiling, the former, if they ar'e added in 
sufficient qnantitj', cause a complete precipitation of the ferric 
oxide, and the latter gives a blue precipitate upon acidulation 
of the solution with mineral acids. When the filtered solution, 
from the precipitation with alkaline hydrate, is slightly over- 
eaturated with acetic acid, it gives, on cooling, if not too dilutej 
a crystalline deposit of potassium bitartrate. 



FEBRI ET QniNI.Si CITBAS. 

FERRUM ET CHIHINUM CITRICUM. 
Citrate of Iron and Quinia or Quinine, Quinia Ferric Citrate, 

Thin, transparent scales, varying in their color from a yel- 
lowish-brown, with a tint of green, to a reddish-brown, accord- 
ing to the thickness of the scales. When heated, they bum 
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away with white fumes, and leave, upon incineration, a residne 
of ferric oxide, wliich should not change moistened red litmus- 
paper (evidence of the absence of alkaline citrates). 

Quinia ferric citrate ia slowly but freely soluble in cold, and 
readily in hot, water, bat insoluble in alcohol and ether ; its 
solution is neutral or slightly acid, and has a bitter, mild, 
chalybeate taste; it gives a white precipitate of quinia with 
aqua ammoniae, at common temperature, and the solution 
assumes a deeper color; but no ferric oxide is thrown down ; 
when the precipitate ia collected upon a iilter, washed with a 
few drops of cold water, and then dissolved in a little chlorine- 
water, the solution will turn emerald-green upon the addition 
of a few drops of aqua ammonite (evidence of the presence of 
quinia, and distinction from einchonia). Solution of quinia 
ferric citrate gives a brown precipitate with liquor potassse or 
sodse, and with aqua ammonise, when heated ; a blue one with 
solution of potassium ferrocyanide, when acidulated with a 
mineral acid, and a grayish-black one with tannic acid, 

Xxamiuatioii : 

The absence or admixture of cheaper scaled ferric salts may 
be ascertained : 

1. By the hitter taste, while the other sealed ferric salts 
have a more or le^ sweetish taste. 

2. By the formation of a white precipitate with aqua am- 
monife, in the cold, while the ferric citrates and tartrates yield, 
with the same reagent, a brown precipitate, and the alkaline 
ferric salts yield no precipitate at all at common temperature. 

3. By giving no odor of ammonia, nor white fumes with a 
glaaa rod, moistened with acetic acid, when heated in a test- 
tube with liquor potassaa. Any admixture of ammonio-ferric 
salt would be recognized by this test. 

In oi-der approximately to determine the purity of quinia 
ferric citrate, 50 grains of the sample are dissolved in one ounce 
of water, and treated with a aUght excess of aqua ammoniie, in 
the cold ; the ensuing white precipitate is, after standing about 
half an hour, collected upon a tared filter, ia washed with a 
few drops of very cold water, containing a slight addition of 
aqua ammonise, and is dried at a temperature not exceeding 
80° C, ; it should weigh eight grains, and should be soluble in 
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BIX fluid-drachma of warm ether, and this solution, when set 
aside for 2i houre, in a corked test-tulje, should not separate 
any crystalline deposit of the less soluble associated alkaloids 
of quiiiia (quiuidia, cinchonia, and einehonidia). 



EBREI PEREOOYATTIDUM. 

F.ERRUM FERROCYANATTIM. 
Ferroeyam,ide of Iron, Prussian Blue. Ferri-Ferroeyamde. 

A deep-blue, tasteless powder, or hard, brittle, blue masses, 
showing, on the freshly-fractured surfaces, a beautiful bronzed 
lustre, which disappear when they are powdered. When 
heated, it emits colorless, iiiflamniable vapors, and the odor of 
ammonia and hydrocyanic acid; exposed to a iiigh tempera- 
ture in a closed vessel, it gives off water, ammonium cyanide, 
and ammonium carbonate, and carbide of iron is left behind. 

Ferri-ferrocyanide is insoluble in water, glycerin, and alco- 
hol, and in diluted acids, with the exception of oxalic acid, 
■which dissolves it, with a deep-blue color. Concentrated sul- 
phuric acid dissolves it without decomposition, forming a paste, 
from which the ferri-feri'ocyanide may be re-precipitated by 
dilution with water. Concentrated hydrochloric acid decom- 
poses it, with the formation of ferric chloride and the evolution 
of hydro-ferrocyanic acid. It is also decomposed by concen- 
trated nitric acid. Alkaline hydrates and carbonates decom- 
pose it, dissolving alkaline ferrocyanide, and leaving rust-brown 
ferric hydrate behind. 

Commercial Prussian blue is not invai'iably pure ferri-ferro- 
cyanide, but generally contains aluminium and potassium salts, 
and frequently some uncombined ferric hydrate. These impu- 
rities may be detected by boiling the triturated Prussian blue 
with dilute hydrochloric acid, and precipitating the filtrate 
with ammonium hydrate, when aluminium hydrate and ferric 
hydrate are precipitated, wbile pure ferri-ferrocyanide, treated 
in this manner, yields no precipitate. If the precipitate has to 
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be examined for aluminium salts, it is collected upon a filter, 
washed, and treated with warm liquor potassEe ; a tew drops 
of this filtrate, allowed to fall into a solution of ammonium 
chloride, will indicate aluminium salts hy a white pj-ecipitate. 

I^zamination : 

Mineral Admixiures.—Aho^it half a drachm of the J'erri- 
ferrocyanide is heated, in a porcelain crucible, to redness ; 
when cool, the residue is di^olvcd in concentrated hydrochlo- 
ric acid, and should render a complete and clear solution, with 
slight effervescence; a residue would indicate fixed mineral 
admixtures {calcium or barium sulphates). 

Metals. — To the solution obtained in the preceding test, a 
little potassium chlorate is added, and the solution boiled until 
the odor of chlorine ceases ; it is then diluted, filtered, and tho 
filtrate divided into two portions ; these are heated, and the 
one is pi'ceipitated with liquor potasBse, the other with aqua 
ammonite.; after a while, they are filtered, and each of the 
alkaline filtrates is tested with ammonium sulpjiydrate ; a 
black precipitate, in the potassium -solution, would indicate 
lead I a brownish-black precipitate and a blue coloration, in 
the ammoniacal liquid, c<ypp&f ^ a white turbidity, in either of 
the liquids, shows si/no to be present. 

Earthy Garhonates. — The ammoniacal liquid of the preced- 
ing test, regardless of the result of the test, is filtered, and 
tested with sodium carbonate; an ensuing white precipitate 
would indicate carbonates of ^jme, harium, or « 



FERRCM HYFOPHOSPHOROSUM. 
ffypBphoaphite qf Iron. Ferric RypopJioapMte. 

A yellowish-white, odorless powder ; when heated, in a dry 
test-tube, it gives off inflammable phosphorous vapors, with 
considerable intumescence, leaving behind ferric pyrophos- 
phate. Since hypo phosphorous acid is very prone to absorb 
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oxygen, the salt is readily decomposed by all oxidizing agents. 
Ferric hypophosphite is insoluble in cold water, but soluble in 
diluted hydrochloric acid, forming a yellow solution, which, 
when greatly diluted, gives a blue precipitate with potassium 
ferrocjanide ; it is readily soluble in solutions of ferric sulphate 
and of sodium hypophosphite. 



PEBBI lODIDXJM, 

FEERUM lODATUM. 

FeTTOu» Iodide. 

Opaque plates or maaaes, of am iron-gray color, inetallic 
lustre, and crystalline fracture. When heated in a dry teat- 
tube, ferrous iodide fuses, and emits violet iodine vapors, finally 
leaving behind ferric oxide. 

Ferrous iodide is very deliquescent ; it is soluble in its 
own weight of water, and also in alcohol and glycerin, form- 
ing yellowish-green solutions, with a styptic taste ; ite aqueous 
solution gives a copious blue precipitate with potassium i'erri- 
eyanide, and acquires a blue color upon addition of a little 
mucilage of starch, and, afterward, of a minute quantity of 
chlorine- water. Ferrous iodide and its solutions rapidly oxi- 
dize, the latter forming a riist-brown sediment, the former 
bocoming less soluble in water, and yielding a brown solu- 
tion, one drop of which, when added to a few drops of chlo- 
roform, and subsequently shaken with some water, coloi^ the 
chloroform light carmine-red, which is not the case when the 
ferrous iodide is fresh, and not yet partly oxidized. 

Fen-oue iodide is decomposed by, and therefore incom- 
patible with, acids, the alkaline hydrates and carbonates, and 
those metallic salts whicli form insoluble iodides. 

The oxidation of ferrous iodide is greatly obviated by its 
mixture with sugar. Upon this fact, the preparation of Feeei 
loDiDUM SACCHAKATOM and of Steupus fekki iodidi are based ; 
both share the chemical properties and reactions of the ferrous 
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iodide, Tlie sj'mp may be preserved witliout decomposition, 
when kept in a sunny pla«e, in smali, well-corked vials, con- 
taining a piece of clean, bright iron wire, or when a few grains 
of tartaric or citric acid are added for each ounce, :uid the 
whole kept in small, weU-corked viala. 



FEBRI Z.ACTAS. 

FERE0M LAOTICUM. 

LactaU of Iron. Ferrous Lactate. 

Greenish- white, crystalline crusts or grains, or a greenish- 
white powder ; * when heated, tiie salt froths up, .with the evo- 
lution of white, acid, inflammable fumes, and becomes black, 
and, when completely incinerated, ferric oxide is left behind, 
which, when cold, should not act upon moist red litmus-paper 
(evidence of the absence of alkaline salts). 

Ferrous lactate is soluble in about 48 parts of cold, and 12 
parte of boiling, water, and almost insoluble in alcohol ; its 
. aqueous eolation is more or less turbid and of a yellowish-green 
color, and has a mild, sweetish, chalybeate taste ; when filtered 
and dilated, it givea a rust-brown precipitate with the alkaline 
hydrates, and a blue one with potassium ferroeyanide, and 
yields a white, granular deposit of mucie acid, on cooling, 
when boiled for fifteen minutes with nitric acid ; plumbic ace- 
tate should cause, in a solution of feri'ous lactate, only an opal- 
escence {evidencte of the absence of sulphuric, hydrochloric, 
tartaric, citric, and pomic acids). 

* The ferrous lactate of tlie Gennan manufaoturers and shops ocoura as a yellow- 
ish or grayish -green powder, and ia obtaiuecl by the following pTOeeas, which is least 
subject to the formation of peroxide : An alcoholic solution of sodium lactate ia 
exact!; decomposed by a concentrated nqueoua solution of ferrous chloi'ide. Al- 
lowed to stand for 24 hours, in a filled and closely-stoppered bottle, in a cool place, 
the Terroua lactate separates in a thick, crystalline crust, which, after the menstruum 
has been rerooved, is broken by a wooden spatula, and then transferred to a cloth 
waaheil with a little alcohol, and afterward subjected to a moderate pressure, under 
a small screw-press. The cesalting Bait cake ia broken, and dried at a, gentle 
warmth, and finally triturated. 
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Mineral Impurities. — About half a drachm of the ferrous 
lactate is eompletelj incinerated in a porcelain crucible, or 
npon an iron spoon ; the remainder is extracted with boiling 
water ; the filtrate must neither act upon teat-paper, nor leave 
any residue upon evaporation on platinum -foil. The insoluble 
residue is then agitated with a little warm diluted acetic acid, 
the liquid filtered, and a little chlorine-water added ; it is then 
precipitated with aqua ammonlse, and afterward filtered. The 
filtrate is examined with a few drops of a solution of sodium 
phosphate ; a white turbidity would indicate magnesium salts. 

Gummi, Dextrin, Sugar of Milk. — About 20 grains of the 
ferrous lactate are dissolved in one ounce of warm water, and 
subsequently precipitated by an excess of liquor sodae; after 
warming and shaking, the precipitate is filtered off, and a few 
drops of a solution of cnprjc sulphate are added co one portion 
of the filtrate ; the ensuing turbidity must completely redis- 
solve on agitation ; a remaining white coagulation would indi- 
cate gummi ; if tliis be the case, the solution is filtered, and 
heated to near boiling ; an ensuing red precipitate would indi- 
cate sugar of milk. An excess of concentrated sulphuric acid 
is added to the rest of the first alkaline filtrate, and the whole 
evaporated almost to dryness, npon a porcelain capsule, at a 
temperature not exceeding 100° C. A black, more or less 
charred, residue would confirm the presence of either gummi or 
sugar, or both. 



PEEEI OXIDUM HYDRATUM, 



Hydrated Oxide of Iron. reroxyliydTate of Iron. Ferric Hydrate. 

A reddish-brown, tasteless powder, destitute of grittiness ; 
when heated in a dry test-tube, it emits moisture, but no acid 
vapors; it is slowly but wholly soluble, without effervescence, 
in warm liydrocbloi-ic acid diluted with half its volume of wa- 
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ter, forming a yellow solution, which, when dilated witli water, 
gives only a wliite tarbidity with hydros iilph uric acid, and 
a blue precipitate with potassium ferrocjanide, but no reaction 
with ferricyanide ; when completely precipitated by alkaline 
hydrates, the iiltrate should be colorless, and should render no 
reaction either with ammonium sulphydrate or with sodium 
carbonate (evidence of the abseneo of zinc, magnesium, and 
ealciuni). 

Examination : 

AlkaMne sulphates may be detected by agitating tlio ferric 
hydrate with a little warm water, and acidulating the iiltrate 
with one drop of hydrochloric acid, and testing it with barium 
chloride. 

GopjyeT may be detected by a blue coloration of solution of 
ammonium seaqui-carbonate, when agitated with the ferric hy- 
drate, and subsequently filtered ; its presence may be confirmed 
or recognized, when the result of the preceding test is uncer- 
tain, by over-saturating the filtrate with acetic acid, and testing 
it with potassium ferrocyanide ; a reddish-brown precipitate 
would indicate or confirm copper. 



PEREI OXIDUM MAQNETICUM. 



Blaak Magnetio Oxide of Iron. Ferro-Ferne Hydrate. 

A brownish-black or black powder, destitute of taste, and 
attracted by the magnet ; heat«d in the air, it gives off water, 
absorbs oxygen, and forms red ferric oxide. It dissolves read- 
ily and completely, without effervescence, upon warming, in a 
mixture of equal parts of water and hydrochloric acid, forming 
a yellowish solution which gives a blue precipitate with t)oth 
potassium ferrocyanide and ferricyanide, and a white turbidity 
with hydrosiilplmric acid. 
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Examination : 

AlkaUne Sulphates or Chlorides. — About one draclira of 
the ferro-ferric hydrate is shaken with about foui' drachms of 
■warm water ; the filtrate, when evaporated upon platinum-foil, 
must leave no fixed residue, nor yield, when acidulated with a 
few drops of acetie acid, any white precipitate witli barium 
chloride or with argentic nitrate. 

Metals. — The remaining ferro-feri'ie hydrate from the pre- 
ceding test is boiled in a flask with some dilute liquoi- potassee ; 
■when cold, the mixture is filtered, and is subsequently saturated 
■witli liydrosulphurie-acid gas, or else some sodium-sulphide 
solution is added : an ensuing black precipitate would indicate 
Zeai?, awhite one, sine; if no reaction takes place, the liquid is 
over-saturated with hydrochloric acid ; a shght white turbidity 
(sulphur) will occur; a yellow precipitate would indicate ar- 
senia, an orange one, anti'mony. 

The remaining ferro-ferric hydrate, left behind from its 
treatment with liquor potassEe, is washed, and then digested 
for some hours with a little strong aqua ammoniae ; when fil- 
tered, the filtrate will have a bluish tint, and give a dark turbid- 
ity upon the addition of a few drops of animouium sulphydrate, 
if copjier be present. 



PEEEI PHOSPHAS. 



phosphate of Iron. FerTOU»~Ferrie PhospJtate. 
A fine, amorphous powder, of a slate-blue color when cold, 
and grayish green when hot; heated in a dry test-tube, it 
gives off water, and leaves a black residue; it is insoluble in 
water, but soluble in the mineral acids, fwming yellow solu- 
tions, which, when highly diluted, yield a blue precipitate with 
both potassium ferricyanide and ferroeyanide, and a white tur- 
bidity of sulphur with hydrosulphuric acid. When ferrons- 
ferric phosphate is boiled in a solution of sodium carbonate, 
and filtered, a filtrate is obtained which, when neutralized with 
acetic acid, gives a yellow precipitate with argentic nitrate. 
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and a white one with aramoiiiated solution of magnesium sul- 
phate. 

Examination : 

Sodium sulphate, left from insufScient washing, may he de- 
tected, when a little of the powder is shaken with some hot 
water, and the filtrate tested with harium chloride. 

Metals. — A strong solution of the powder in hydrochloric 
acid is mixed with a comparatively large volume of hydrosnl- 
phurie acid, and set aside for a, lew hours, in a closed fiask, in 
a warm place; a slight white turhidity (sulphur) will occur; 
a dark one would indicate co^er, a yellow one, arsmiic, which 




littei ein be confirmed by the odor when a. little of the salt is 
heated upon charcoal, before the blow pipe, or by the format 
tion of a metilhc minor, in a narrow tube upon heating the 
dried precipitate with potassium cyanide (Fig. 63). 



PERRI PYROPHOSPHAS. 

FEERTTM PYKOPHOSPHOEICUM. 
Bi-lasia Phosphate of Iron. Ferrie Pyrophospliate. 
A white, tasteless powder; when heated in a dry test-tube. 



it loses moisture, but remains white, and decref 



) in Tolu 
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It is insoluble in water, but soluble in lijdrochloric acid, and 
in solutions of sodium pyroplioapbate and of alkaline citrates. 
When boiled with a solution of sodium carbonate, ferric pyro- 
phosphate assumes a reddish-brown color, and j'ields a tiltrate 
of the same tint, but which becomes almost decolorized upon 
slight over-saturation with acetic acid, and which gives a dense, 
white precipitate with argentic nitrate (distinction from ferric 
phosphate, which gives a yellow precipitate, and from ferric 
metaphosphate, which gives a white gelatinous one). 



FERRI FYROPHOSPHAS ET AMMONTI CITRAS. 
FERRTJM PTROPHOSPHOaiCUM CUM AMMONIO CITRICO. 
Pyrophosphate of Iron, with Citrate i^ Ammiyiduin,. Ammoniated Pyro- 
phosphate of Iron. Pyrophodphate of Iron in Scales. 
Thin, apple-green, transparent scales, of a mild, acidulous, 
and saline taste : freely soluble in water or glycerin, hut in- 
soluble in alcohol ; by exposure to the air, the scales lose their 
transparency and solubility in water ; the latter, however, may 
be restored hy the addition of aqua ammonise. The solution 
is not precipitated either by acids or by ammonium hydrate, 
but gives a yellowish- white precipitate, with the evolution of 
ammonia, when boiled with liquor potassEe, and a dense white 
precipitate, when acidulated with acetic acid, and tested with 
argentic nitrate. Potassium ferroeyanide, when added to the 
dilute solution of the salt, occasions a pale-blue color, but pro- 
duces no precipitate. 



BEBEI SUBCABBONAS. 



Carbonate of Iron. 
A line, amorphous, reddish-brown powder, without odor or 
taste ; when heated in a dry test-tube, it emits watery vapors, 
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■which condense in the cooler parts of the tube, and which, 
■when tested witli hlue litmus-paper, should not alter its 
color. 

Carbonate of iron ia insoluble in water, but readily and 
freely soluble, with slight effervescence, in warm, diluted hydro- 
chloric acid, forming a yellow solution, a few drops of which, 
when added to water, impart to this the property of yielding a 
blno precipitate with both potassium ferroeyanide and ierri- 
cyanide. The solution therefore affords, with reagents, the 
reactions of both ferrous and ferric salts. 

Examination : 

Perri Subcarbonas is distinguished from Ferri Oxidnm Ily- 
dratum by its reddish-brown color, by its readier solubility in 
hydrochloric acid, by effervescence with acids, and hy its reac- 
tion with potassium ferricyanide. 

/Sodium or Ammoni/wra Svlph^te. — About 10 grains of the 
powder are agitated, in a test-tube, with about two drachms of 
warm water; the filtrate should leave no residue upon evapo- 
ration on platinum-foil, nor should it render a white turbidity ■- 
with bai'ium nitrate. 

Metals. — The undissolved ferric hydrate remaining upon the 
filter, in the preceding teat, ia digested with solution of ammo- 
nium sesqui-earbonate for one or two hours; the subsequent 
filtrate, when tested with a few drops of ammonium sulphy- 
drate, would show copper by a bluish tint of the liquid, and 
smc by a white precipitate. 



PEEEI SULPHAS. 
FERRUM SULPIIURICUM. 
! of Iron. Ferrous Sulphate. 
Transparent, oblique-rhombic prisms, of a pale bluish-green 
color and salty, styptic taste, or, when obtained by precipita- 
tion, by means of alcohol, a pale-green, crystalline powder 
{Ferri Sulphas granulatd). The crystals are efflorescent in 
the air, and absorb oxygen ; when heated, they undergo aqueous 
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fusion ; they contain seven molecules (45.56 per cent.) of water 
of crystallization, six-seven ths of which tliey lose at a moderate 
lieat, leaving a greenish or grayish white powder {Ferri Sul- 
phas emicoatd). At a red heat, the seventh molecule of water, 
and also the acid, is expelled, leaving behind red, anhjdrone, 
ferric oxide {Caput Mortuum). 

One hundred parts of water, at 10° C, dissolve 61 parts, 
at 25° 0., 103 parts, and, at 100° C, 280 parts, of crystallized 
ferrous sulphate; it is insoluble in alcohol; its aqueous solu- 
tion has a slight acid reaction, readily absorbs oxygen, and be- 
comes turbid by the formation of an insoluble basic ferric sul- 
phate, while a neutral ferric sulphate remains in solution, with 
tlie undecomposed ferrous sulphate. The solution of ferrous 
sulphate, when greatly diluted, gives a white precipitate with 
barium chloride, a blue one with potassium fen'icyanide, and, 
when not yet oxidized, a white one with the ferrocyanide ; it 
renders no precipitate with hydrosulphuric acid. 

Bxamination : 

Metals. — About one drachm of the crystals is dissolved in 
about two drachms of boiling water, acidulated with a few 
drops of sulphuric acid ; the solution is then added to abont IJ 
ounce of hydrosulphuric acid, in a stoppered 2-onnce vial, and 
shaken ; after several hours, only a white turbiditj' (sulphur) 
should have been formed ; a dark turbidity would indicate cop- 
p&r, and perhaps other metals. The hqnid is then filtered, and 
evaporated, in a porcelain capsule, until all odor ceases ; when 
this is the case, about half a drachm of concentrated sulphu- 
ric acid and 20 drops of concentrated nitric acid are added, 
and the whole evaporated nearly to dryness. The r^idue is 
dissolved in water, and aqua ammonife added with constant 
stirring, until the ensuing precipitate ceases to be redissolved ; 
then from four to five drachms of Liquor Amraonii Acetici are 
added, the whole heated to boiling, and filtered while hot. An 
excess of aqua ammoniie is then added to the colorless filtrate, 
and, if any more precipitation occurs, it is once more filtered, 
and subsequently tested with ammonium sulphydrate ; an en- 
suing white turbidity would indicate s/ac, a reddish-white one, 
manganese. Finally, the liquid, after having been filtered, if 
such reactions have occurred, is tested with ammonium phos- 
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phate ; a crystalline, white precipitate, occurring after some 
time, would indicate magnesia. 

Crnde commercial sulphate of iron is generally consider- 
ably contaminated with metallic and earthy salts, and not tit 
for medicinal use; it contains, besides, the sulphates of zinc, 
aluminium, and magnesium, and generally so much sulphate 
of copper as to deposit a metallic cupreous tilm upon a bright 
blade of an iron knife or spatula, when immersed for some 
hours in the aqueous solution, acidulated with a few drops of 
sulphuric acid. 



EEURI VALEEIANAa. 

FERRUM VALERIANIGUM. 

Valerianate of Iron. Ferric Valerianate. 

A dark, tile-red, amorphous powder, or tliin, reddish scales, 
having the faint odor and taste of valerianic acid, "When 
heated in a porcelain capsule, the ealt melts, emits inflammable 
vapors, and, when incinerated, leaves behind fen-ic oxide, which 
should not color moistened tuvmevie-paper brown, nor dissolve 
in warm dilute acetic acid. 

Ferric valerianate is soluble in alcohol (distinction from 
citrate and tartrate of iron), but insoluble in water ; boiling 
water decomposes it, extracting the Talerianic acid, and leav- 
ing the ferric hydrate behind ; the filtrate is colorless, reddens 
litmus-paper, and gives no reaction with ammonium hydrate 
and subsequent addition of hydros ulphuric acid. Acids decom- 
pose ferric valerianate, forming soluble ferric salts, and setting 
free the valerianic acid. 

Examination : 

Admixtui'es of ferric tartrate or citrate, impregnated with 
oil of valerian, may readily be recognized by then- solubility in 
water and insolubility in strong alcohol ; the latter dissolves' 
only the oil of valerian, if such be present, readily recognized 
by its odor, when a portion of the alcohol is evapoi'ated upon 
the warm hand. 
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The source of the medicinal preparations of iron is the re- 
fined malloable wrought-iron, of which the piano-forte wire is 
among the best commercial varieties. When iron filings or 
turnings are employed instead of wire, care has to be taken that 
they are not derived from crude cast or pig iron, that they ai-e 
free from rust, and that they are not contaminated with copper 
or brass filings from the worksliops. Cast or pig iron may be 
recognized by tlie evolution of g^ of a noxious odor, and by a 
considerable black residue, when the filings or turnings are dis- 
solved, in a test-tube, in a mixture of equal parts of concen- 
trated hydrochloric acid and water. An admixture of copper 
or brass filings may be recognized, with approxiiriate certainty, 
by close inspection, with a magnifying-glass, and by chemical 
tests, as hereafter described. 

In the preparation of solutions of iron, which are subse- 
quently filtered, filings of cast-iron are not exactly objection- 
able ; iron filings or turning, however, which may contain, or 
are liable to contain, copper or brass filings, ought not to be 
employed for medicinal preparations, since copper is dissolved 
by acids, notwithstanding an excess of iron. 

Feekt-'M Pulvekatttm. — A fine, gray powder, of a dull, me- 
tallic appearance ; when heated to redness, it oxidizes, form- 
ing a reddish powder, and increasing in weight, if the powder 
employed was pure and dry. Iron powder dissolves in a mix- 
ture of equal parts of hydrochloric acid and water, evolving 
impure hydrogen gas, of a faint odor, and leaving only a small 
insoluble black residue ; the filtered solution has a light-green 
color, and afibrds, when greatly diluted with water, a deep- 
blue turbidity with potassium ferricyanide, "and almost white 
precipitates with the alkaline hydrates and carbonates, which, 
however, rapidly oxidize, and become green, and ultimately 
brown. 

Feeeum Heductom. — Iron powder, obtained by reduction 
of ferric oxide or oxy-hydrate by hydrogen, at a strong heat, 
forms a very fine, black powder, which reoxidizes wlieu boated 
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to redness, and which is readily and wholly soluble in warm 
diluted hydrochloric acid, with tiie, evolution of pure hydrogen 
eas forming a solution which has the same properties and de- 
portment with reagents as that of powdered iron. If the solu- 
tion takes place without a copious evolution of gas, and has, 
when filtered, a yellowish appearance instead of a light-green 
one, the powder was more or less oxidized, or even so much so 
as to consist almost wholly of a mixture of ferrous and ferric 
oxides. 

Examination of Iron : 

Sulphur may be recognized by the blact coloration of a so- 
lution of plumbic acetate, when a little of the iron is dissolved 
in a mixture of equal parts of hydrochloric 
acid and water, either in a test-tube, loosely 
closed with a bunch of cotton moistened,with 
solution of plumbic acetate (Fig. 29, page 72), 
or in a small iiask (Fig. 64), whence the 
evolved gas is passed through a solution of 
■ plumbic acetate in a test-tube. If the plum- 
" hie solution in either case become black, 
sulphur is indicated. 
Sulphur, phosphorus, and arsenic, may be detected, in iron 
powder, filings, turnings, or wire, by submitting about 100 
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grains of the iron, in a geiierating-flask, a {Fig. 65), to the 
action of about one ounce, or a little more, of a mixture of 
equal parts of eoncontratcd hydrochloric acid and water, and 
by passing the evolved gas through a dilute solution of cad- 
mium sulphate in c, and through a dilute solution of argentic 
nitrate, contained in d. The acid is, little by little, added to 
the iron, thi-ough the funnel-tube h, so that the evolution of the 
gas and its passage through the fluids are slow. The solution 
in is prepared by adding to an aqueous solution of cadiiiium 
sulphate (1:100) so much of ammonium hydrate as is re- 
quired to redissolve the precipitate, formed upon the first addi- 
tion of the alkaline hydrate. 

The occurrence of a yellow precipitate in the cadmium so- 
lution would indicate mAphur, and of a black one in the argen- 
tic solution, arsenic or phosphorus. In order to distingaish 
either arsenic or phosphorus, or both, in the iron, the blackened 
argentic solution is warmed, and completely precipitated with 
hydrochloric acid ; when cool, it is filtered and the filtrate 
mixed with an equal volume of hydrosulphnric acid, and 
allowed to stand, in a corked vial, for several hours ; an ensu- 
ing yellow precipitate would indicate arsenic ; the liquid is 
then filtered, and boiled in a porcelain capsule, until it becom.es 
odorless ; it is then over-saturated with aqua ammoniiB, fil- 
tered, and tested with solution of ammoniated magnesium sul- 
phate ; a white precipitate would be indicative of the presence 
of phosphorus in the iron. 

MetalUo Impii/riUes. — Zmc may be detected in the solu- 
tion obtained in the generating-fiask of the preceding test, by 
filtering it, and by evaporation of the filtrate to dryness, after 
the addition of a little nitric acid ; the residue is extracted by 
boiling it with liquor potassEe, and the filtered liquid, when 
cool, is tested with sodium sulphide; a white precipitate would 
indicate zinc. Copper and lead may be defected in the iron, 
by treating it with warm diluted nitric acid, and by testing 
part of this solution with a few drops of a solution of sodium 
sulphate for lead, and by evaporating another part of the solu- 
tion to dryness, and subsequently digesting the residue with an 
excess of aqua ammoniae ; a bine coloration of the filtrate would 
indicate copper. 
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GLYCERnrUM. 



Glyaerin, Triotomic Propsnyl Alnoltol. 

A. coloriese and odorless, tliick, viscid, neutral liquid, of an 
intensely sweet taste ; when anhydrous, its spec. grav. is 1.367 ; 
that of commercial glycerin, containing from 10 to 4 per cent, 
of water, is from 1,32 to 1.25. Glycerin is not volatile at com- 
mon temperatures, but distils unchanged, with water-vapor, 
under pressure ; it hoils at 290° C, and decomposes at a tem- 
perature a little above its boiling-point. Exposed to a strong 
heat, on platinum-foil or in a porcelain capsule, it emits white, 
irritating, inflammable vapore, which burn with a blue flame, 
leaving, finally, a blacfe residue, which, however, is completely 
dissipated at a red heat. . 

Glycerin is miscihie, in all proportions, with water, aqua 
ammoniEe, liquor potassaB, alcohol, and ether dilated with alco- 
hol, but not with pure ether, chloroform, carbon bisulphide, or 
benzol ; it mixes with concentrated sulphuric acid without 
change, but suffers decomposition witli concentrated nitric and 
hydrochloric acids. Glycerin possesses extensive powers as a 
solvent ; it dissolves most substances which are soluble in wa- 
ter, although in a less degree, but is a better solvent for bro- 
mine, iodine, and carbolic acid. 

It does not mix with fatty oils, and dissolves essential oils 
only to a limited extent. 

Examination :. 

A. fatty or empyreumatlc odor of glycerin is recognized by 
the smell, especially upon gently warming. a little of the sam- 
ple on a watch'^lass or porcelain capsule. 

Sugar, glucose, and mucilages, are indicated by a more or 
less brown coloration of the glycerin, when mixed with twice 
its bulk of concentrated sulphuric acid, or when mixed and 
heated with a strong solntion of potassium hydrate. 

Glucose may be detected by the occurrence of a brick-red 
precipitate, when a mixture of equal volumes of the glycerin 
and of liquor potassa), with two or three drops of solntion of 
cupric sulphate, is iieated in a test-tube. 
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Sugar is detected by the same reaction, when the glycerin 
is boiled for ,a few minutes with an equal vohime of very difute 
solution of tartaric acid, and the hot mixture tested with Feh- 
ling's eupric solution. 

Mucilages of gum, dextrin, or glue, are indicated by the 
formation of a white turbidity, gelatinous, or flocculent, when 
one volume of the glycerin is mixed with four volumes of 
alcohol. 

Metallic salts are detected by agitating one volume of the 
glycerin with three volumes of hydrosulphurie acid ; any im- 
pairing of the colorlessness or transparency of the mixture 
would indicate metallic impurities ; they may be distinguished, 
as to what group of metals they belong to, by dividing the 
liquid into two portions, and adding to the one a little hydro- 
chloric acid, and to the other aqua ammonite, Coj^j>er, lead, 
and tin, will be indicated by the first test ; iron, sine, and alu- 
minium, by the second. If a precipitate appears in either case, 
and the nature of the impurity has to be ascertained, the test 
must be repeated on a larger scale, and the metallic impurity 
be determined in the mode described on pages 41 to 44. 

Calcium salts may be detected in the diluted glycerin, by 
a white turbidity when tested with ammonium oxalate, 

Acids and iheir Salts. — When diluted with twice its vol- 
■ ume of water, the solution must leave litmus-paper unchanged ; 
it is then examined in four separate portions : for hydrochlo- 
ric acid and chlorides, by acidulating with nitric acid, and 
testing with argentic nitrate ; for sulphuric acid and sul- 
phates, by testing the second portion, also acidulated with 
nitric acid, with barium nitrate ; for oxaUe add, by testing 
the third portion, acidulated with acetic acid, with calcium 
acetate ; and for nitric acid and nitrates, by adding to the 
fourth portion a little acetic acid and one drop of neutral 
indigo-solution, and then warming the mixture by dipping 
tlie test-tube into hot water; a decoloration of the bluish or 
Huish-gi-een tint of the liquid will indicate free nitric acid ; 
when the color remains unaltered, a few drops of concentrated 
sulphuric acid are added to the mixture while still warm ; if 
decoloration takes place now (and the glycerin is free from 
chlorides and chlorates), nitrates are indicated. 
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Anotlier very sensitive test for nitric acid and nitrates, 
combining the test for chlorine, is to mix, in a test-tnbe, about 
one fluid-drachni of sulphuric-acid mucilage of starcli with a 
few drops of solution of potassium iodide (free from iodate), 
and then to add about one iluid-draehm of glycerin ; when 
mixed together with a glass rod, the liquid must remain color- 
less; a blue color would indicate chlorine; when the mixture 
remains colorless, a thin rod of bright zinc is immersed in the 
centre of the fluid, with eare not to agitate the test tube; if 
traces of nitric acid or nitrates be present, a bluish coloration, 
iHSuing from the zinc, will appear. 

Formio add may be detected by the formation of a black 
deposit, when a mixture of the glycerine with an equal volume 
of diluted aqua ammonite and a little solution of argentic 
nitrate is allowed to stand in a corked test-tube, protected 
from the light, for 24 hours. 

Butyric add, and analogous fatty acids, may be recognized 
by the odor of ethyl butyrate (similar to that of artiticial 
essence of pine-apple), when a mixture of two volumes of gly- 
cerin with one volume of a mixture of equal parts, by volume, 
of strong alcohol and concentrated sulphuric acid, is gently 
wanned by dipping the flask or test-tube into boiling water. 




Ammonium salts, occasioned by the neutralization of an 
originally slightly acidulous glycerin with aqua aramonise, may 
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be detected by beating the glycerin in a large test-tiibe, half 
filled with it, and provided, by means of a rubber cork, with a 
delivery-tube reaching to the bottom of a receiving test-tube 
which contains a little water, and is cooled in ice-water (Fig. 
GG) ; the generating tube or flask, containing the glycerin, is 
immersed, for about half an hour, in a boiling concentrated 
solution of culinary salt ; after that time, the contents of the 
recipient are tested with red litmus-paper, which should not 
be altered thereby, and are then divided into two separate 
portions ; a few grains of dry potassium hydrate are dis- 
solved in tlie one portion; upon heating it, ammonia will be 
recognized by the odor, and by white vapors when a glass 
rod moistened with acetic acid is held at the orifice 'of 
the tube ; to the other portion, a few drops of liquor ] 
and, subsequently, one or two drops of solution of ] 
mercuric iodide are added ; a yellowish-brown precipitate or 
coloration would afi'ord an additional indication of ammonium 
salts. 
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BrYDRAEQYBI CHUSBIDTTM COBROSIVTJM. 



Gorrosiee Siihlimate. Perckhride or Biehloride of Mercury. Mereuria 
Chloride, 

Colorless, translucent, heavy, crystalline masses, when ob- 
tained by sublimation, or small, prismatic crystals, when ob- 
tained by crystallization, of a spec. grar. of 5.i3 ; tliey are 
permanent in the air, give a dull, white streak wlien scratched 
vFitb a knife, are slightly volatile at common temperatures, 
fnse at 265° C, and volatilize wholly at 295° C, forming 
dense, ■white vapors, which, on cooling, solidify in small, shin- 
ing needles. 

Mercuric chloride is soluble in water, requiring, at 0° C, 
16 parts, at 20° C, 13| parts, at 80° C, 4 parts of cold, and 
2^ parts of boiling, water for solution ; it is less soluble in gly- 
cerin, 100 parts of which dissolve about 7 parts of the salt ; it 
is freely soluble in alcohol and ether, requiring 2^ parts of 
cold, and IJ- part of boiling alcohol, and 3 parts of ether. The 
aqueous solution reddens blue litmus-paper, and has an acrid, 
styptic taste. 

In the aqueous solution of mercuric chloride, the fixed alka- 
line and earthy hydrates and alkaline carbonates produce, 
when added in small quantity, a reddish-brown precipitate ; 
when added in excess, a yellow one ; ammonium hydrate gives 
a white one: argentic nitrate, a curdy white one; iodides, 
when added in small quantity, a yellowish, and in larger quan- 
tity, a vermilion-red one, soluble in an excess of the precipi- 
tant; stannous chloride, when added in small quantity, a 
white, and when added in exepss, a gray precipitate. When 
hydrosulphuric acid is gradually added to a solution of mercu- 
ric chloride, the precipitation takes place according io the pro- 
portions of the reagent and the chloride, in progressive varia- 
tion of color from white to yellow, orange, reddish brown, and 
black ; an excess of the reagent produces at once a complete 
black precipitation. When the aqueous solution of mei'curic 
chloride is rubbed upon bright copper, it coats the latter-with 
a brilliant metallic tilm. It forms white, insoluble or sparingly 
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soluble compounds with many organic sabstances, as albumen, 
fibrin, gluten, etc. 

Mercuric chloride ia soluble, without decomposition, in 
nitric, hydrochloric, and sulphuric acids, and crystalhzes from 
the solutions on cooling, if they were saturated while hot. 



HYDEAEQYKI CHLOEIDTJlffi MITE. 



Oahmel. 



to-Ghloride of Mercury. Mercurous Chloride. 



Mercnrous chloride varies in the minuteness of its pari^icles, 
and accordingly in its appearance and in the energy of its 
physiological action. 

When obtained by subUmaHon, it forms ponderous, yellow- 
iah-white masses or cakes, of a fibrous, crystalline fracture, 
yielding a lemon-yellow stroak when scratched with a knife, 
and having a specific gravity of 7.1T6. When reduced to a 




MERCUKOUS CHLORIDE; 
Sy IHtwaHmt. Bij Condmmtioa. -■ By Precipilati 



fine powder by trituration and levigation, it has a dull- 
white appearance with a yellowish tint ; it becomes slightly 
yellowish when triturated with strong pressure in a porcelain 
mortar, and consists, when seen under the microscope, of com- 
paratively large, transparent, crystalline fragments (Fig. 67). 
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Prepared by sublimation and by conderisation of the vapor 
by a current of air or steam, mercurous ebloride (Hydrargyri 
Chloridum Mite vapore paratum) forms a perfectly white and 
less ponderous powder, consisting of smaller laminar particles, 
when seen under the microscope (Fig. 68). 

Prepared "by precipitation, mercurous chloride forms a fine, 
snow-white powder, consisting of minute, amorphous * parti- 
cles (Pig. 69), which are not transparent. 

With regard to therapeutical action, mercurous chloride, 
obtained by sublimation and subsequent trituration and levi- 
gation, and consisting of the largest particles, has the mildest 
effect ; next to this comes the calomel obtained by sublima- 
tion and condensation by air or steam ; f that obtained by pre- 
cipitation, and having the minutest division of its particle, has 
the most powerful physiological action. 

Mercurous chloride, when heated in a dry test-tube, is slowly 
but completely volatilized with a faint noise and without fusion. 
It is insoluble in the common solvents, but soluble to some ex- 
tent in saliva, in the pancreatic juice, in albumen, and animal 
secretions. When agitated with hot water, with alcohol, or with 
dilute acetic, hydrochloric, or nitric acids, it is not acted upon 
by any of them. "When boiled for some time with water, it 
suffers slow decomposition into metallic mercury and mercui-ie 
chloride. The alkaline hydrates and carbonates, and the hy- 
drates of the alkaline earths, reduce mercurous chloride to black 
oxide. Concentrated boiling hydrochloric and sulphuric acid 
decompose the salt ; the former producing metallic mercury and 
mercuric chloride, the latter mercuric sulphate and chloride. 
Warm concentrated nitric acid also dissolves it gradually, with 
the evolution of nitric-oxide vapors, forming a solution of mer- 
curic chloride and nitrate, which solutions blaclien bright cop- 
per .when dropped upon it, and coat it brilliantly when rubbed 
upon it. Mercurous chloride is also soluble in chlorine-water 
without acquiring a transient or permanent yellow color (dis- 
tinction from mercurous bromide). 

* When obtmed by precipitating a solutioa of mercuric chloride with aulpliur- 
ous-ftcid gas, the resulting raercuroua chloride J3 of a cryBtallinc structure. 

\ No other iiinds of mercurous chloride can as yet be considered officinal, and no 
others should be dispensed for internal use, unlesa ordered or prescribed as "Ca/o- 
md via humida paratum," or " Calomel precipUatione parahmi," 
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Examination : 

When heated in a narrow test-tube, mercuroug chloride 
must completely sublime, without previous fusion and without 
emitting aramoniacal odors or yellow nitrons vapors. 

Mercuric chloride may be detected by triturating some of 
the calomel with diluted alcohol, and shaking the mixture in a 
test-tube, and by subsequent filtration through a moist double 
filter ; the filtrate must impart no stain to bright copper, nor 
yield any reaction with hydro sulphuric acid or with argentic 
nitrate. 

Ammomo-mereuric Chloride. — The mercnrous chloride of 
the preceding test, remaining upon the filter, is rinsed with 
diluted acetic acid through the broken filter into a test-tube, 
and the mixture is agitated for a few minutes and filtered. 
The filtrate is then tested in separate portions with hydrosul- 
phoric acid and argentic nitrate ; a black turbidity in the Jirst 
instance, and a white one in the second, would indicate am- 
raonio-mer curie chloride. 



HTDaABGYEI CYANIDUM. 

HYDRARGYEITM CYANATUM. 

Cyanide of Mereury. Mercuric Oyanide. 

Small, colorless, anhydrous, prismatic crystals, transpar- 
ent when freshly prepared, but soon assuming a wliite and 
opaque appearance ; when perfectly dry, they become black 
when exposed to heat in a dry tube, and emit vapors of mercury 
and a colorless inflammable gas (cyanogen), which bums, when 
ignited, with a purple flaine; a black residue of paracyanogen, 
intermingled with globules of mercury, is left behind ; when the 
salt is humid, traces of hydrocyanic acid, of carbonic acid, and 
of ammonia, are also formed and evolved. 

Mercuric cyanide is soluble in eight parts of water and about 
twenty parts of alcohol ; its aqueous solution evolves hydro- 
cyanic acid upon the addition of hydrochloric acid, and gives a 
black precipitate witli hydro sulphuric acid, but is not precipi- 
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tated by tlie alkaline hydrates and carbonates, nor by argentic 
nitrate, nor by albumen ; stannous chloride, containing free 
hydrochloric acid, precipitates metallic mercury witli the evo- 
lution of hydrocyanic acid. The solution of mercuric cyanide 
aiFords no mereuric stain upon bright copper, unless acidulated 
with hydrochloric acid. 

Examination : 

Basic oxy-mereuric cycmide is indicated by an alkaline reac- 
tion of the solution upon turmeric-paper. 

Mercuric chloride and other eoM>le mercurio salts may be 
detected in the solution, by the occurrence of a transient tur- 
bidity upon the gradual addition of single drops of solution of 
potassium iodide. 



HYDBARGTBI lODIDUM BTTBRDM. 

HYDEAKGTRUM BIIODATUM EUBRUM. 

Biniodide of Mereury. Mercuric Iodide. 

A heavy, crystalline powder, or small, brilliant, octahedral 
crystals, of a vermilion color, becoming yellow when gently 
heated ; when heated in a dry tube (Fig. 70), mercuric iodide 
fuses to a yellowish-brown liquid, and sublimes into yeltow 
rhombic scales, which pass into the red modification of octa- 
hedral crystals, slowly on cooling, and at once by concussion. 

ilercuric iodide is nearly insoluble in cold, and only spar- 
ingly soluble in boiling, water; it is soluble in 130 parts of cold, 
and 15 parts of boiling, alcohol, less soluble in ether, and very 
little in glycerin and in oils. Concentrated acids, and the solu- 
tions of the alkaline hydrates, decompose it ; it is freely solu- 
ble in aqueous solutions of potassium and sodium hydrates, of 
potassium iodide and cyanide, of mereuric chloride, and of 
sodium chloride and sodium hyposulphite ; the latter solution 
deposits upon heating, if the solvent is not in excess, red mer- 
curic sulphide. All its solutions form a black precipitate with 
an excess of hydrosulphuric acid, either at once, or upon the 
addition of an acid. 
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Mercuric iodide is partly decomposed when shaken ■with 
clilorine-water ; the obtained filtrate, when rubbed upon bright 




copper, coats it with a brilliant metallic film, and, when shaken 
with a little eliloroi'orm, imparts to it a purple color. 

Uxaminatioii : 

Merc.ii/ric sulphide, red oxide of lead, or other fraudulent 
admixtures, will remain undissolved upon solution of the pow- 
der, either in solution of potassium iodide, or in 30 to 25 parts 
of boiling alcohol. If a residue is left, it is washed with water 
and subsequently treated with warm nitric acid, and filtered ; 
the filtrate is slightly diluted, and tested with a few drops of 
diluted sulphuric acid; an ensuing white precipitate indicates 
lead. If a red residue remains, insoluble in nitric acid, it is 
tested by heating it upon platinum-foil t7> redness; if it is 
wholly volatile, mercuric sulphide is recognized, and, if a residue 
remains,jKi^ admitsiures are indicated. 
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HrYDEARQYRI lODIDTJM VIRIDE, 

HYDRARGYSUM lODATUM FLAVOM. 

Green Iodide of Mcnyury. ProtoioAide of Mercury. Mercurou» Iodide. 

A heavy, dirty-greenisli yellow powder, which suffers grad- 
ual decomposition, and becomes brownish on exposure to light, 
heat, and air. "When heated in a dry tube (Fig. TO, page 230), 
it becomes brownish red, fuses, and is completely volatilized, 
yielding a sublimate of minute yellow and scarlet crystals of 
mercuric iodide, intermixed with metallic mercury, 

Mercurons iodide is not quite insoluble in water, but insol- 
uble in alcohol and in ether ; it is decomposed by concentrated 
acids, by the alkaline hydrates, and also by boiling solutions 
of chlorides, bromides, and iodides, which convert it into iner- 
cnric iodide and metallic mercury, When mercurous iodide ia 
agitated in a little water to which a few drops of ammonium 
sulphydrate have been added, and the subsequent filtrate is 
mixed with one drop of liquor ferri perehloridi and then agi- 
tated with a little chloroform, the latter will acquire a yellow 
or reddish color, which will appear still more distinct upon the 
subsequent addition of a little water. 

EKamination : 

Mercuric iodide may be detected when about 10 grains of 
the green powder are rubbed with about 2 drachms of alcohol ; 
the filtrate should yield no black precipitate, when added to 
about one ounce of hydrosulphuric acid ; such a reaetijjn would 
indicate biniodide. 

Mxed impurities will remain behind upon complete volatili- 
zation of the mercurous iodide in a dry tube ; such would be 
very likely to originate from either the mercury or the iodine, 
and, if required, their nature may be determined by the meth- 
ods as described on pages 238-240 and 243, 244. 
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HYDEAEGTTRI OXIDUM: PLAVFlff, 
HTDKARGyKUM OSYDATtJM VIA HUMIDA PARATUM. 
Yellow Oxide of Mercury. Precipitated Mercuric Oxide. 

A heavy, orange-yellow powder, witliout crystalline struct- 
ure when seen tinder the microscope ; it aasames a red color 
on heing heated ; it is more readily acted upon by regents than 
the coarser red oxide ; the latter remains unchanged when agi- 
tated with a warm solution of oxalic acid, while the yellow 
oxide combines with the oxalic acid, forming white mercuric 
oxalate; when agitated with a hot alcoholic solution of mer- 
curic chloride, the yellow oxide becomes at once black {oxy- 
chloride), while the red oxide remains unchanged for some 
time. 

The chemical reactions of the precipitated yellow mercuric 
oxide, and its deportment with reagents, correspond with those 
of the red oxide. 



HrrDEAEGTBI OXIDUM ETTBEtnil. 

nTDSARQYRUM 0X7DATTJM BUBRUM. 

Bed Oxide of Merevry. Mercurie Oxide. 

Heavy, cohe^-ent masses, consisting of bright, brick-red, 
crystalline scales, which, when finely pulverized, form a dull 
orange-red powder, of a specific gravity of 11.30 ; when heated 
in a dry tube, red mercuric oxide assumes a dark-brown appear- 
ance, but regains its original color on cooling ; at a heat a little 
above the boiling point of mercury (360° C), it is resolved into 
ite constituents, and is entirely volatilized below red heat. 

Mercuric oxide is slightly soluble in water, so that, when 
agitated with boiling water, the filtrate yields a faint reaction 
with hydrosulphurie acid ; it is insoluble in pure glycerin, in 
alcohol, ether, and chloroform, somewhat soluble in saliva and in 
albuminous animal secretions, and entirely soluble in strong and 
in somewhat diluted acidn. The fixed alkaline and earthy hy- 
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drates and alkaline carbonates produce in Bolotions of n 
oxide and its salts, when added in small qnantity, a reddish 
hrown, when added in excess, a yelJow precipitate ; ammonium 
hydrate, a white one; iodides (provided that the solution does 
not contain a large excess of acid), when added in a small quan- 
tity, a yellowish, and in a larger quantity, a vermilion-red one, 
soluble in an excess of the precipitant ; stannous chloride, when 
added in a small quantity, gives a white, and, in an excess, a 
gray precipitate. When hjdrosulphuric acid is gradually added 
to the solution, a precipitate is formed which appears, accord- 
ing to the proportion of the reagent, successively white, yellow, 
orange, reddish-brown, and finally, with an excess of the pre- 
cipitant, black. 



Mer&uria nitrate is indicited by disengagement of red 
nitrous vapors, when the oxide is he ited in a diy test tube. As 




a confirmatory test, one drachm of the oxide may be agitated 
for a few minutes with about 3 drachms of boiling water where- 
in 10 grains of sodium carbonate have been dissolved ; the 
mixture is then filtered, the filtrate nearly neutralized by a few 
drops of sulphuric acid, and evaporated to about half its bulk ; 
this is tested in two portions for nitric acid ; the one by tingeing 
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it faintly blue with Bulphiiric aeid solution of indigo, and eub- 
sequent gentle heating ; the other by mixing it with a little 
concentrated solution of feiyous sulphate, and by placing the 
liquid carefully upon concentrated sulphuric acid (Fig, 71) ; a 
decoloration in the first test, and the occurrence of a dark- 
brown color upon the line of junction between the two liquids 
in the second, would confirm the presence of oxyacids of 
nitrogen. 

Admixtures. — About 20 grains of the oxide are dissolved in 
about one drachm of strong nitric acid diluted with an equal 
volume of water ; with the aid of heat, a complete solntion 
must take place ; if the oxide be veiy old, a slight residue of 
reduced mercury might remain, which, when separated and 
heated in a porcelain capsule, should wholly volatilize. If a 
red or brown residue is left from the solution, an admixture of 
mineral substances (brick-powder, mercuric sulphide, or red 




oxide of lead) would be indicated. If the nature of such a resi- 
due has to be ascertained, a somewhat larger quantity may be 
obtained, which, when washed and dried, may bo heated in a 
redncing-tube (Fig. 72); vermilion volatilizes, forming a fine; 
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red Bublimate; red oxide of lead fuses, and exhibits, when 
cooled, a yellow vitritied appearance, and dissolves, ■when 
boiled in concentrated nitric acid diluted with an equal hulk 
of v^ater, leaving behind silicious mineral substances, if such be 
present. 



HYDRARGTEI STJBNITBAS. 

HTDRARGYKUM NITRICEIM OXYDULATUM. 

Subrdtrate of Mercury. Mereurous Hitrate, 

Colorless, transparent rhombic or prismatic erystala,* 
which, when gradually heated in a dry tube, emit yellow 
nitrous vapors, become yellow, then red, and are finally rcr 
solved into metallic mercury ; the crystals become grayish 
black when moistened with lime-water. 

Mercurous nitrate is soluble in water with partial decompo- 
sition, and with the separation of a yellowish basic salt ; it is, 
however, entirely soluble in water acidulated with nitric acid, 
forming a colorless solution, which, when rubbed on bright 
copper, coats it with a white, metallic film, and, when greatly 
diluted, yields a white precipitate with hydrochloric acid, and 
a black one with aqua ammoniie or lime-water. 

Liquor Hydra/rgyri Nibnei Oxydidaii of the Pharmaeoptea 
Germaniea is a splutiou of this salt, containing 10 per cent, of 
mercurous nitrate, 

Exanunation ; 

Merourio nitrate may be detected by complete pi'ecipitation 
of the solution with diluted hydrochloric acid, and by testing 
the filtrate in separate portions with hydrosulphuric acid and 
with stannous chloride, and warming ; a black precipitate with 
the first reagent, and a gray one with the second, would indi- 
cate mercuric nitrate, 

• According fo tbe propordon between tbe mercury and tlie nitric acid em- 
plojed in tlie preparation, there ure a normal and a. Iiasic mercurous DitrB.te, wiiich 
eorrespond in their diemioal and therapentical properties, escept that, when rubbed 
nitb a littk sodium ctiioridc, tbe nomml salt remainB white, vbite the ba^c salt 
giTBS a grajish-green mixture. 
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HYDHAIMJYEI SULPHAS PLAVA. 

HYDKARGYEUM SULPHURICUM PLAVDM. TURPBTHUM MINEEAIE. 

Tellom SulaulphaU of Meroury, Basic Mercuric Sulphate. 

A heavy, lemon-yellow powder, of a crystalline strneture 
when seen under the microscope ; when heated in a dry tube, 
it assnmes a reddish-brown hue, hut regains its original color 
on coohng; at a higher temperature it volatilizes without 
fusion, yielding a white siibliinate (mercuric sulphate) inter- 
mingled witli gray metallic mercury ; it is decomposed and 
entirely volatilized at a red heat, evolving vapors of mercury 
and of sulphurous acid. 

Basic mercuric sulphate is almost insoluble in cold, and 
sparingly soluble in hot, water, but soluble in diluted hydro- 
chloric and nitric acids, forming colorless solutions, which, 
when diluted, give a white precipitate with barium salts, and 
which otherwise, in their deportment with reagents, resemble 
the solutions of mercuric chloride and oxide (pages 225 and 



HYDILAItOYSI StJLPHtJBETUM HtJBRtnE. 

■HYDKAKGYRUM SULPHURATUM RUBRUM. CINNABARIS. 

Cinnabar. YermiUon. Med Sulphide of Mercv/i-y. Mercuric Sul^Tiide. 



Heavy masses, or cakes, of a specific gravity of 8.1, and of 
a dull blackish-red color and a brilliant crystalline texture, 
yielding a red streak when scratched with a knife, and a mag- 
nificent scarlet powder, which becomes black when moistened 
with an ammoniaeal solution of argentic nitrate. When-heated 
in a porcelain capsule, or upon charcoal, cinnabar assumes an 
almost black color, but turns red again after cooling ; at a 
strong heat, it is wholly dissipated, burning with a bluish fiame, 
and emitting the odor of sulphurous acid ; heated in a redueing- 
tube or in close vessels, it sublimes below red heat without de- 
composition. 
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lEercuric sulphide is insoluble ia the common solvents, nor 
is it acted upon by concentrated acids or by alkaline hydrates, 
at common temperatures ; a mixture of concentrated nitric and 
hydrochloric acid dissolyes it gradually, forming a colorless 
solution which, when diluted with water, gives a white pre- 
cipitate with barium chloride, coats metallic copper witli a 
film of mercury, and corresponds in its deportment with I'e- 
agenta to solutions of mercuric salts (pages 225 and 233). 

Ezamination : 

Oxides of Lead mid Iron. — About 30 grains of the cinna- 
bar are agitated with about two fluid-drachms of concentrated 
nitric acid ; the scarlet color must remain unaltered, as change 
to a darker tint would indicate red oxide of lead; the mixture 
is then gently heated by immersing the test-tube in hot water, 
and is subsequently diluted with twice its volume of water, and 
filtered ; the filtrate should be colorless ; a yellowish appear- 
ance would indicate red hasia pT/timbiG ch/romaie, or mercuric 
chromate (chromic cinnabar) ; it ia then tested in separate por- 
tions with hydrosulphunc acid, with sulphuric acid, and with 
potassium iodide, for lead; another portion is tested with 
potassium ferrocyanide for ferric oxide ; if this be present, the 
yellowish color of the nitric acid, agitated with the cinnabar, 
may be due only to iron. 

Chromates may be detected or confirmed by the occurrence 
of red irritating fumes of chloro -chromic acid, when about ten 
grains of the cinnabar are carefully mixed and lieated in a test- 
tube with a few small fragments of dry sodium chloride and a 
few drops of concentrated sulphuric acid. 

Merourio Iodide, SeaZgar, and AnUmonic Cinnabar. — 
About 30 grains of the cinnabar are agitated with two fluid- 
drachms of warm liquor potassse ; the filtrate should be color- 
less, should cause neither a coloration nor a turbidity when 
dropped into chlorine-water, and should yield a white precipi- 
tate when dropped into a dilute solution of plumbifl acetate. A 
yellow or reddish coloration of the chlorine- water would indi- 
cate mercuric iodide, and a yeUow precipitate with plumbic ace- 
tate, red ai'senie sulphide (Realgar), or antimonie oxy-aulphide 
(Antimonic Cinnabar). If either of the latter two be indicated, 
the alkaline filtrate will give, upon super saturation with hydro- 
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chloric acid, a yellow precipitate wlieii tlie iirst compound is 
present, and an orange-red one with the second. 



hydeaegyrtjm:. 

Mercury. QuicksilveT. 

A silver-white and brilliantly-lustrous metal, of a specific 
gravity of 13.596 at 15.5° C. ; liquid at common temperatures, 
and easily divisible into spherical globules ; it solidifies when 
cooled to —39.5° C, forming at and below that temperature a 
soft and malleable metal of a specific gravity of 14,4 at —40° 
0. ; it boils at 350° C, forming a transparent, colorless vapor ; 
it is, however, volatile to a perceptible extent at all tempera- 
tures above 20° 0. ; when pure, it is unalterable at common 
temperatures, and remains bright and brilliant. 

Mercury is insoluble in tlie common solvents, in concen- 
trated hydrochloric acid, and at common temperatures also" in 
snlphuric acid ; but it is dissolved by the latter when boiled 
with it, and is readily dissolved without residue by nitric acid, 
forming a solution, which contains mercuric nitrate when heat 
is apphed and an excess of concentrated acid, and mercnrous 
nitrate when the metal is in excess or is acted upon by cold and 
diluted nitric acid. 

^Examination : 

Mercury amalgamates with many metale, and, to a certain 
extent, without change of its appearance and properties ; the 
most common of such metallic impurities are lead and tin, and 
occasionally zinc and bismuth ; their presence in the commer- 
cial metal is indicated by a dull, tarnished appearance, and a 
black, powdery coating of the surfaces of the metal, and of the 
inside of the ve^els containing it, and by~ lead-gray strealis 
upon white paper when a few globules of the metal are allowed 
to roll over it. 

Such contamination may be ascertained by agitating for a 
few minutes a little of the mercury, in a strong one-ounce bot- 
tle, with a mixture of one drachm of Liquor Ferri Persnlphatis 
(free from ferrous salt) and one drachm of water j after sub- 
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siding, the aqueona liquid ia poured into a test-tulie, diluted 
■with, an equal volume of water, and tested with a few drops of 
potassium ferri cyanide ; a blue turbidity will indicate the 
above-mentioned metallic impurities, 

When their nature has to be determined, the following 
method is practicable and simple : about one ounce of the 
metal, including as much of the powdery coating on the sur- 
faces of the metal and the bottle as can be collected, ia heated 
and volatilized in a small porcelain crucible, in a place where 
the vapors are readily removed by draft ; if a non-volatile 
reaidue remains, it ia heated to redness. A small part of the 
residue ia then heated in a test-tube with a few drops of concen- 
trated hydrochloric acid ; the aolntion ia decanted from the in- 
Boluble residue, and one drop of solution of auric chloride is 
added ; an ensuing gray or gi-ayish-purple turbidity would indi- 
cate tin. 

The reat of the residue in the crucible ia treated with warm 
concentrated nitric acid ; if only a partial solution takes place, 




and at the same time a white precipitate is formed, this may 
be oxide of tin or antimony ; in order to distinguish them, the , 
precipitate is separated from the acid solution, washed with a 
little water, and suhaequently heated upon charcoal before the 
blow-pipe ; staimotcs oxide remains unchanged, while teiroxide 
of antimony volatilizes in white fumes, forming a white con- 
centric incrustration on the coal (Fig. 73). 

The nitric-acid solution is diluted with an equal bulk of 
water, and part of it ia teated with solution of sodium sulphate ; 
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a ■white precipitate would indicate lead ; anotlier part is poured 
into a large beaker full of water ; a white opalescence or tur- 
bidity of the water indicates l}ismuth. 

If lead be present, the rest of the nitric-acid solution is 
saturated and completely precipitated with hydrosulphuric-acid 
gas, and allowed to stand in a corked test-tube.for some houre; 
it is then filtered and over-saturated with aqua ammoniffi ; a 
white precipitate would indicate zino. 

If the precipitate is not quite wliite, and the lead has been 
completely removed, it might be due to traces of iron, of which 
metal, however, mercury can only contain traceSj since it does 
3 with it. 



HYDRABOYBTTm AMMONIATUM. 



White Precipitate. Amnwniated M&reury. Ammonio-mercuric Chloride. 

White, pulverulent, friable masses, or an opaque white pow- 
der, which, when heated, ie entirely volatile without fusion ; it 
becomes black when moistened with hydrosulphnrie acid, gray 
wiien boiled. with eolution of stannous chloride, and pale yel- 
low, with the evolution of ammonia, when heated with liquor 

Ammonio-mercuric chloride is insoluble in the common 
solvents, but is gradually decomposed by boiling with water, 
forming a yellow precipitate ; it is readily and wholly soluble 
without efterveecence in warm hydrochloric, nitric, and acetic 
acids, forming colorless solutions, which yield a white precipi- 
tate with liquor potassEe and with argentic nitrate, a black one 
with an excess of hydrosulphuric acid, and a red one with po- 
tassium iodide, and whicli produce a black stain upon bright, 
metallic copper, coating it, when rubbed thereon, with a brill- 
iant metallic film. 

Examinaticiii : 

M&rcv/ric chloride is detected by agitating about 10 grains 
of the powder with about two drachms of diluted alcohol ; the 



by Google 



HTDEAROTRUM. 241 

filtrate is mixed with abont half an ounce of hydroaulphurie 
acid ; a black precipitate indicates mercuric chloride, 

Mercuroua ohloride may be detected by a black coloration 
of the powder, when it is triturated with lime-water, or by dis- 
solving about 10 grains of' the powder in warm diluted nitric 
acid ; if an insoluble residue remains, it is washed by decanta- 
tion, and, when the water ceaaes to act on bine litmus-paper, 
the residue is agitated with limewater ; if mercurous chloride, 
it will become black. 

Pl/wm^ie Carbonate mid Chloride, and. Calciwm Caa-honate, 
— Carbonates are indicated by effervescence of the powder with 
acids, and plumbic chloride by its insolubility in diluted nitric 
acid; if a residue remains, it is washed, and boiled in strong 
acetic acid, and the liquid tested with one or two drops of sul- 
phuric acid for lead ; which may further be confirmed by agi- 
tating the powder with warm acetic acid, and testing the fil- 
trate in two separate portions, with sodium sulphate and with 
potassium iodide, drop by drop, which both form precipitates 
with compounds of lead, the former a white, insoluble one, the 
latter a yellow one, soluble in an excess of the reagent. 

These and all other non-volatile admixtures are also indi- 
cated by remaining behind when a few grains of the ammo- 
niated mercury are heated and volatilized, in a narrow, dry test- 
tube. Diammonio-merourio chloride, or fusible white precipi- 
tate, will be indicated in this test by a partial or complete 
fusion of the powder, previous to ita volatilization, provided 
that the ammonio - mercuric chloride be free from any fixed 
fusible admixture, 

Zi/no and inagnesium oxides may be detected, in the solu- 
tion of the powder in nitric or acetic acid, by complete precipi- 
tation with hydrosulphuric acid, and by subsequent over-satu- 
ration of the filtrate vidth ammonium hydrate; a white precipi- 
tate will indicate either of these oxides ; if the nature of the 
precipitate has to be determined, it is collected and washed 
upon a filter, and examined by the method described on page 
43. 

Starch. — An admixture of starch is detected by the micro- 
scope, and also by a blue coloration, when about five grains of 
the powder are triturated, and subsequently heated to boiling, 
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with about two drachms of water, and then tested with t 
drop of iodinized potasaium iodide. 



lODOFORMIUM. 
lad/jform. Teriodide of Formyl. Methenyl Iodide. 

Small, lemon-yellow, fiiable, six-sided scales, of a pearly- 
lustre, a peculiar, penetrating, and persistent odor, and a sweet- 
ish taste, and with a somewhat unctuous feel to the touch. 
Iodoform has a spec. grav. of 2.0, is volatile at common tem- 
peratures, and when heated in a dry tube, by immersing it in 
boiling water, sublimes at about 95° C, Boliditying in small 
scales ; it fuses at about 115° 0., and is decomposed at 120° C, 
forming violet vapors, and being resolved into iodine and 
hydroiodie acid, with a residue of carbon, which burns away 
at a stronger beat. 

Iodoform is almo&t insoluble in water, glycerin, diluted 
acids, and aqueous solutions of the alkaline and earthy hy- 
drates, but is soluble in 80 parts of cold, and 12 parts of boil- 
ing, alcohol, in 20 parts of ether, and readily in chloroform, 
in carbon bisulphide, and in the lixed and volatile oils. The 
concentrated mineral acids, when cold, have no action on iodo- 
form ; when heated, it remains unchanged with hydrochloric 
acid, gives a reddish-brown solution with nitric acid, remain- 
ing limpid and brown on dilution with water; it is freely dis- 
solved, with a violet color, by hot sulphuric acid; upon dilu- 
tion, however, the color disappears, and the iodoform is sepa- 
rated again in small yellow scales. It is^not acted upon by 
the aqueous solutions of the alkaline hydrates, but their alco- 
holic solutions dissolve and decompose it, forming alkaline 
iodide and formiate. 
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lODINUM. lODINIUM. 
Iodine. 
Heavy, brilliant, crystalline plates or scales, of an opaque 
blnish-blaelt appearance and imperfect metallic lustre, and of a 
peculiar odor, resembling faintly tbat of chlorine. Its specific 
gravity is 4.948 ; it melts at 107° C, and boils at 175° C. ; it 
is, bowever, slowly volatile at common temperatures. When 
heated in a dry tube (T'ig. 74), iodine melts and rises in deep 
violet vapors, which condense in the cooler parts of the tube to 
small, brilliant crystals. 




Iodine is but sparingly soluble in water, requiring 5,524 
parts of it atl2°C., and imparting to it a faint yellowish tinge. 
It is more soluble in glycerin, 100 parts of which" dissolve a 
little more than 1^ part of iodine. It is also soluble to some 
extent in the aqueous solutions of certain salts, as for instance 
of ammonium chloride and nitrate. Aqueous solutions of hy- 
driodic acid and of the alkaline iodides and bromides, dissolve 
iodine freely, as do also alcohol and ether, with a reddish-brown 
color, benzol and chloroform with a violet-red, and carbon bi- 
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sulphide witli a rich purple. An aqueous solution of sodium 
hyposulphite dissolves iodiue at first without color, and after- 
ward with a hrowiiish-red tint. 

Chloroform and carbon bisulphide, when shaken with an 
aqueous solution of iodine, deprive it of most of the iodine, 
and assume, when the fluids have separated, a more or less 
red color, wliile the aqueous solution appears almost colorless. 

Iodine forms with starch a deep-blua compound, which offers 
a very delicate test for iodine in- all solutions and in bodies which 
contain it in the fi"ee state. 

Ezaminatioa ; 

Moisture is indicated in iodine by its adhering to the sur- 
face of the bottles, and by a sticky coherence of the scales. 

Fixed and insoluble admixtures (graphite, coal, carburet 
of iron, metallic, oxides or aulphidea) are detected by remaining 
behind upon the volatilization of a little of the iodine in a test- 
tube, or upon solution of it in alcohol or in an aqueous solution 
of sodium hyposulphite. If the nature of such admixtures has 
to be detennined, the residue is collected and washed upon a 
filter, and afterward treated with warm hydrochloric acid 




diluted with an equal bulk of water, which dissolves metallic 
oxides, and to some extent the sulphides, with the evolution 
of hydrosulphuric acid. The obtained solution may further he 
examined for metals, as described in the systematic courao of 
analysis (pages il-iS). Tho insoluble residue left from the 
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solution in hydrochloric acid is levigated (Fig. 75), whereby 
graphite and carburet of iron may be separated and distin- 
guished from heavier mineral substances. 

Cyanogen iodide may be detected by triturating about 
80 grains of the iodine with about 2 drachms of tepid water, 
and by subsequent agitation of the mixture for a few minutea ; 
it is then filtered and washed with a few drops of water, and 
to the filtrate is added drop by drop so much of an aqueous 
solution of sulphurous acid as to decolorize it ; then a few drops 
of solution of ferrous sulphate, and subsequently of liquor po- 
tasese, are added, and the turbid liquid is then slightly over- 
saturated with diluted hydrochloric acid ; if a blue precipitate 
takes place now, either at once or gi-adually, and, upon wai-m- 
ing, cyanogen iodide is indicated. 

The volumetric estimation of iodine has already been de- 
scribed on page 6i. 



UQUOB AUUONU ACETATIS. 
IIQUOK AMMONII ACETICI. 
Solution qf Anmionvam Aeetate. 
A clear, colorless liquid, without empyreumatic odor, and 
of a mild, saline taste ; it contains about six per cent, of neu- 
tral ammonium acetate, and has a spec. grav. of from 1,012 to 
1.015 (1.028-1.032, Pharm. German.) ; it is wholly volatile upon 
evaporation, and emits the odor of ammonia when heated with 
potassium hydrate, and that of acetic acid when heated with 
sulphuric acid ; it assumes a red color npon the addition of a 
trace of ferric chloride. 



MetalliG impurities may be detected by mixing the solution 
with an equal bulk of hydrOsulphuric acid, and then over-aatu- 
rating it, first with acetic acid, and subsequently with aqua 
ammoniffi. 

Sulphates and chlorides may be detected by a white turbid- 
ity, when the liquid is acidulated with acetic acid and tested, 
in separate portions, with barium nitrate for the former salts, 
and with argentic nitrate tor the latter. 
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UaUOB ASTISIOXII CSXiOBIDI. 

LIQUOR STIBII CHLORATI. UOTYRUM ANTIMONtI CULOEIDI. 
Solution of trichloride of Antimony or of Antimonioxui Chloride. 

A dense, transparent, colorless or pale-yellow liquid, of 
1.470 spec, gray, {1.36, Pharmacoptea Germaniea). Dropped 
into water, it gives a white, bulky precipitate (antimonious 
chloride with antimonious oxide — Algaroth^s Powder), which 
is rediBsolved upon addition of potassium hydrate or tartaric 
acid. The solution with potassium hydrate remains un- 
changed, or gives only a slight turbidity, with hydrosulphuric 
acid, and yields a black precipitate with argentic nitrate, while 
the solution with tartaric acid gives a copious orange-red pre- 
cipitate with hydrosulphuric acid, and a white one with argen- 
tic nitrate. 

Ezamination : 

About 40 drops of the liquor antimonii chloridi are added 
to a solution of half a drachm of tartaric acid in half an ounce 
of water ; this solution may serve for the following tests : 

Anivmonic chloride is detected by a yellow coloration of the 
solution upon the addition of a few drops of potassium iodide, 

X,ead and copper are detected in the solution, the former by 
a white precipitate with dilute solution of sodium sulphate, the 
latter by a bluish coloration with aqua ammoniEe in excess. 

A.rs&n,iQ may be detected by heating, in a test-tube, about 
two drachms of a mixture consisting of equal volumes of the 
liquor antimonii chloridi and concentrated hydrochloric acid, 
with a strip of tin-foil (real tin) or with about 30 drops of con- 
centrated solution of stannous chloride; a brown precipitate 
would indicate arsenic, which may further be identified by 
collecting the precipitate by decantation, and by subsequent 
washing with a little solution of tartaric acid ; it is then dried, 
and may be examined by heating part of it with exsiccated 
sodium carbonate, upon charcoal, before the blow-pipe (Fig, 73, 
p. 239), as well as hy heating another portion of it, with a little 
potassium cyanide, in a reduction-tube (Fig, 63, p. 213) ; arsenic 
will be recognized by its smell in the first test, and by a me- 
tallic mirror in the second. 
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AQUA CALCIS. AQUA CALCARI^. 

Lime- Water. Solution of Calcium HydraU. 

A Baturafced solution of calcium hydrate, containing nearly 
one grain of the hydrate, or nearly three-quarters of a grain of 
calcium oxide, in each ounce of water. Lime-water has an 
alkaline reaction upon test-paper, and absorbs carbonic acid 
from the air, forming on its surface a pellicle consisting of mi- 
nute plates of calcium bjdroearbonate ; its alkaline reaction 
disappears when an excess of carbonic-acid gas has been passed 
through it, and the excess has been expelled afterward by boiling. 

Lime-water affords no precipitate with sulphuric acid (dis- 
tinction from solutions of bariuin or strontium hydrate), but 
it forms white precipitates with carbonic, boracic, phosphoric, 
arsenious and arsenic, oxalic, and tartaric acids and their salts, 
and precipitates the solutions of those salts whose metallic ox- 
ides or hydrates are insoluble in water. 

The quality of lime-water is best ascertained by its prop- 
erty, when warmed in a test-tube, of separating nearly half the 
quantity of calcium hydrate iu minute hexagonal prisms ; upon 
cooling, the crystals redissolve, and the water becomes perfect- 
ly clear again. 



lilQTTOB PEREI ACETATig. 



Solution of Ferric Acelate. 

A transparent, dark, reddish-brown liquid, of from 1.134 to 
1.138 spec. grav. ; it has a faint odor of acetic acid, which ap- 

" Liquor Perri acn&ci, of the PharmaoopiBa Germanica, is prepared by complete 
precipitation of 10 parts of solution of feme sulphate, of 1.31 spec, grav., witb eight 
parts of aqua ammonliD, of 0.960 spec, gray., both greatly diluted with wat*r; the 
precipitate is collected, and washed upon a flannel or felt filter, and, when the water 
baa dropped ofF, U sulyected to a gentle pressure ; the soft, humid mass of ferric 
hydrate ia then transferred into a flask, and disaolred in ni parts of diluted acetio 
acid, of 1.040 spec. grav. 
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pears, however, strongly upon warming ; tliis may also be rec- 
ognized by the formation of white vapors, when a glass rod, 
moistened with aqua ammonire, is brought near the hqiiid ; it 
produces a deep-blue precipitate, when a few drops are allowed 
to fall into a mixture of several ounces of water witli a few 
drops of hydrochloric acid and of solution of potassium ferro- 
cyanide. 

Examination: 

About one fluid-drachra of the liquid is diluted with two 
draehms of water, and completely precipitated with aqua am- 
moniEe ; the filtrate must be wholly volatile when a few drops 
of it are evaporated in a porcelain c^apsule ; a viscid residue, 
which becomes charred, at a stronger heat, with the evolution 
of vapors having the odor of caramel, would indicate suga/r or 
fruit-acids, which, when present in considerable quantities, 
prevent the complete precipitation of the ferric solution by 
ammonium hydrate. A bluish tint of the filtrate would indi- 
cate copper, whieii, with other metallic impurities, may further 
be ascertained by mixing it with hydfosulphuric acid, and sub- 
sequently over-saturating with acetic acid. 



UanOB PESRI NITBATIS. 

LIQUOR FEBRI NITRICI. LIQUOR FERRl PERSITRATIS. 
Solution of Pernitrate of Iron. Solution of Ferric Nitrate. 

A pale-yellow liquid, of a spec, grav, between 1.060 and 
1.070, and of a chalybeate, astringent, acid taste. Added to 
water, it gives a deep-blue precipitate witli potassium ferroeja- 
nide, but none with potassium ferricyanide, -and yields a red- 
dish-brown precipitate with aqua ammoniai ; wiien a few drops 
of a concentrated solution of ferrous sulphate are added to a 
little of the solution of ferric nitrate, and the mixture is care- 
fully transferred upon concentrated sulphuric, acid (Fig. 71, 
p. 23S), a dark zone, indicating nitric acid, will ensue upon 
the line of contact between the two liquids. 
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One fluidtmnce of t!ie liquid, completely precipitated by 
aqua aaimouiffi, yields a reddish-brown precipitate of ferric 
hydrate, which, when washed, dried, and ignited, weighs be- 
tween 8 and 10 grains. 

Ezamiaation ; 

Metals. — In the ammontated liltrate of the preceding quan- 
titative test, or in the liquor ferri nitrici, when completely 
precipitated at common temperature, by aqua ammoniie, and 
filtered, copper will be indicated by a blue color of the liquid, 
and mtm by a white turbidity upon the addition of a few drops 
of ammonium sulphide. 

Chloride and sulphate may be detected, in the diluted solu- 
tion, by white precipitates when tested with argentic and with 
barium nitrates. 



LIQTTOIt FERBI SULPHATI3. 

LIQUOR FERRI SOLPHURICI OSYDATI. 

Solution of Ferric Sulphate, 

The XT. S. Pharmacopceia has two solutions of ferric sul- 
phate, Liquor Ferri subsulphatis, having a epee, grav. of 1.552, 
and Liquor Ferri tersvlphatis, having a spec. grav. of 1.330. 
Both are solutions of ferric sulphate, the former one being less 
acid, and containing some basic ferric sulphate, and usually 
some nitrate. The Liquor Ferri perxulphatis of the British 
Pharmacoposia has the spec. grav. of l.i4l, and that of the 
Pharmacopcea Germanica a spec. grav. of 1.319. 

They all are transparent, red or reddish-brown liquids, 
without odor, of an astringent, metallic taste, and miscible in 
all proportions, with water, alcohol, and glycerin, A few drops 
of either of them, added to water, form a mixture in which 
potassium ferricyanide produces no reaction, but ferrocyanide 
gives a dark-blue precipitate, aqua ammoniEe a bulky, reddish- 
brown one, and barium chloride a white one. 

Examination : 

Copper and Zinc.^Abont two drachms of the liquor ferri 
are diluted with about two ounces of water, and completely 
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precipitated with aqua ammoniEe; the whole is heated, and 
subsequently filtered ; the filtrate will appear blaiah, if oo^er 
be present, and should be entirely volatile upon platinum-foil; 
a fixed residue would indicate alktdme, earthy, or metaUic im- 
jmrities. Part of the filtrate is mixed with an equal volume 
of hydroaulphnric acid ; an ensuing white precipitate would 
indicate svnc, and a dark one, insoluble upon over-satnration 
with hydrochloric acid, copper. 

Nitric add and nitrates may be detected in a portion of 
the filtrate of the preceding test, by over- saturating it with 
concentrated sulphuric acid, and by subsequently adding one 
drop of a solution of potassium permanganate, or indigo solu- 
tion, and gently warming. A decoloration will indicate nitria 
acid and nitrates. 



LianOB HYDEAEGYEI KITRATIS, 

LIQUOR HYDKARGTRI NITRICI OXYDATI, 
Solution of Pernitrate of Meraiiry. Solution of Mercurio Nitrate. 

A dense, transparent, nearly colorless, acid liquid, of a 
spec. grav. of 2.165, when prepared according to the U. S. 
Pharmacopoaia. and of 2,246, when prepared according to the 
British Pliarmaeopceia. When a few drops of it are evapo- 
rated at a gentle heat, upon platinum-foil, they leave a white 
residue, which, upon increased heat, becomes successively yel- 
low, red, brown, and is finally wholly dissipated. The solution 
remains limpid on the addition of water or of diluted hydro- 
chloric acid (evidence of the absence of subnitrate) ; it gives a 
dull yellow precipitate with an excess of the fixed alkaline and 
earthy hydrates, a white one with ammonium hydrate, and a 
black one with an excess of hydros ulph uric "acid ; it deposits a 
brilliant metallic coating on bright copper, and shares, in its 
deportment with reagents, the general characteristics of mer- 
curic salts, aa described under mercuric chloride and oxide 
(pages 225 and 233), It causes a crystal of ferrous sulphate, 
dropped into it, aa well as the liquid around the salt, to assume 
a deep-brown color. 
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When diluted with about ten times its bulk of water, it 
should not give a turbidity when tested, in separate portions, 
with a few drops of solutions of argentic and of barium ni- 
trates. 



UQTTOB PLTJMBI SUBACETATIS. 
LIQUOR PLUMBI SUBACETICI. ACETUM PLUMBrcUM. 

of Suiacetate of Lead, Solution of Triphimbic Acetate, 

A dense, clear, colorless liquid, of 1.267 spec. grav. (1,235- 
1.240 Pharmacopcea Germanica), having an alkaline reaction 
and a sweet, astringent taste, and becoming turbid by absorp- 
tion of atmospheric carbonic acid, and by dilution with water 
containing carbonates,su!phate3, or carbonic acid. It is pre- 
cipitated, whether diluted with water or not, by the alkaline 
and alkaline-earthy hydrates and carbonates, by snlpliurie, hy- 
drochloric, oxalic, tannic, and other acids and their salts, and 
by almost all neutral salts; it forms white, opaque, insoluble 
'compounds with vegetable gums, mucilages, and extracts, and 
with vegetable and albuminous substances. 

Liquor plumbi subacetatis gives a yellow precipitate with 
potassium iodide, and a black one with hydroaulphurie acid ; 
it forms an opaque, white jelly when mixed with mucilage of 
gum ; it may be recognized as containing an acetate, by evolv- 
ing the odor of acetic acid, when heated with a few drops of 
sulphuric acid. 

Traces of copper are indicated by a faint greenish color 
of the liquid, and may be further recognized by a bluish colo- 
ration of the filtrate, when a little of the liquor pinmbi sub-' 
aeetatis is mixed with an excess of aqua ammonia 
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I.iaUOB F0TAS3.S. 

LIQUOR POTASSII nYDRICI. LIQUOR KALI CAUSTICI. 

Solution 1^ Potoiio. Solution of Potasdwn. Hydrate. 

A colorless, limpid liquid, witliout odor, and of an acrid, 
caustic taate and a soapy feel when rubbed between the fingers 
it has a destnietive action on vegetable and animal substances, 
and is a powerful solvent for many organic and mineral com- 
pounds ; it absorbs carbonic acid from the air ; its spec, grav, 
is 1,065, and it contains 5.80 per cent, of potassium hydrate.* 

Examinatioii : 

Carbonate is indicated by effervescence or by the formation 
of gas-bubblc9, when an equal volume of acetic aeid is added to 
the liquor potassse, or it may also be detected by the fomiation 
of a white precipitate when a little of the liquor potassEe is 
mixed with an equal bulk of water, and is then added to lime- 
water. 

Potassiuni chloride, sulphide, and hyposulphite, may be de- 
tected by dropping a little of the liquor potassse into diluted 
solution of argentic nitrate ; a grayish-brown precipitate will 
take place, completely soluble upon addition of nitric acid in 
excess; if the precipitate does not wholly dissolve, and leaves 
behind a white residue, chloride is indicated ; when the residue 
is black, sulphide or hyposulphite. 

Sulphate, Silioate, a/nd Ahiimna. — A little of the liquor 
potasste is slightly over^atur ate d with diluted nitric acid ; part 
of the solution is tested with barium nitrate for aul/phate ; an- 
other part may also be tested with argentic nitrate for chlo- 
ride; the rest of the solution is evaporated, in a porcelain 
capsule, to dryness ; the remaining salt must yield a limpid 
solution with water ; a white turbidity would indicate silicate ; 
the solution, when necessary, is filtered, and^then tested with a 
few drops of ammonium chloride and aqua ammonise for aj/u- 
m,ina, which, when present, will cause a white precipitate. 

Calcium, salts may be detected, in the diluted liquor potas- 

• Liquor Kali caustiol, of the Pharmaeopcea Gnrmanioa, liaa a Hppc. grav. of 
from 1.330 to 1.38*, and contains 33.3 per cent, of potaasium hydrate, or from 28 
to 29 per cent, of potaasium oiide. 
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sffi, by a white precipitate with ammoninm oxalate, or with 
Bodiura carbonate. 

Metallic impurities are indicated by a dart coloration or 
turbidity when tlie liquor potaas^ is mixed with twice its vol- 
ume of hydrosiilphuric acid, and subsequently over-saturated 
with acetic acid. 

For Yoiumeiria EstiTnation, see page 58, 
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"With the decrease and inorease of temperature, the density of the sola- 
tion suffers a corresponding increase or decrease, amouniing, for eaoh de- 
gree of the centigrade tliermoraeter, in either direction — 

For aoluUou of a epeoifie Brarity of 1.610 to that of I.SOO, to abont O.OOOEB. 
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UQUOB POTASSn AKSBNITIS. 

IIQUOE POTASSII ARSENIOOSI. LIQUOR KALI ARSENICOSI. 

Solution of Potasaium Arseaite. Fowler's Solution. 

The solution of potassium arsenite has a slight alkaline re- 
action ; it gives, with nitrate of silver, a bright-yellow precipi- 
tate, soluhle in aqua ammonite ; this solution, when gently 
warmed for some time, by immei'sing the teot-tube in hot wa- 
ter, suffers a reduction of the silver salt, and deposits the metal, 
as a brilliant coating, upon the walls of the test-tube. Hydro- 
sulphuric acid produces no immediate precipitate in the solu- 
tion of potassium arsen ite, but, upon the addition of hydrochlo- 
ric acid, there at once appears a lemon-yellow precipitate, solu- 
ble in ammonium hydrate or carbonate. 

A quantitative estimation of the arscnioua acid contained 
in liquor potassii arsenitis may be made, by completely pre- 
cipitating, with hydrosulphnric acid, 10 drachms of the solu- 
tion, diluted with an equal volume of water, and acidulated 
with hydrochloric acid ; the precipitate ia collected and washed 
upon a tared filter, and, when completely dried, is weighed. 
The weight of the arsenioua sulphide, divided by 1.2i2, gives 
the quantity of arsenious acid contained in 10 drachms of the 
solution, which should be five grains. 

The quantitative estiTnatioii may also be made bj' the volu- 
metric test : 68.30 grammes of the solution of potassium arse- 
nite, neutralized with about 35 grains of sodium bicarbonate, 
and diluted with an equal bulk of water to which a little mu- 
cilage of starch has been added, will require 100 cubic centi- 
metres of the test-soiution of iodine (page 63), 



LIQiro& SOD.S. 

LIQUOR SODII HYDSICI. LIQUOR NATRI CAUSTICI. 

Solution of Soda. Solution, of Sodium Hydrate. 

A colorless, limpid liquid, of an acrid, caustic taste, a soapy 

feel, and a strong alkaline reaction; it has a destructive and 
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Bolvent action on vegetable and animal matters, absorbs car- 
bonic acid from tbe atmosphere, has a spec. grav. of l.OYl, and 
contains 5.7 per cent, of sodium hydrate.* 

Examination : 

Sodium oarhonaie is indicated by effervescence, or by the 
formation of gas-biibbles, when the liquid is mixed with con- 
centrated hydrochloric acid; it may also be detected by the 
formation of a white precipitate npon mixing a little of the 
liquid with twice its volume of lime-water, 

Sodimn, ml/phate and chloride are indicated by wliite pre- 
cipitates, when the diluted liquid ia slightly over-saturated with 
diluted nitric acid, and tested with barium nitrate for sulphate, 
and with argentic nitrate for chloride. 

Oalaium salts may be detected by a white precipitate, when 
the diluted liquid is tested with solution of sodium carbonate. 

Potassium hydrate may be recognized by a white, granular 
precipitate, on dropping the liquid into a strong solution of 
tartaric acid, allowing the latter to remain in excess. 



T A B X. E 



Speclflc 


i| 


Bl«!Cifl= 


=■1 


™iflc 


■Si 

i 


S|>eclflc 




Gravity. 


h 


Gisvity. 


SVlQr. 


GMTlty. 


li 


1.500 


35 


1.389 


27.6 1 


281 


20 


1.174 


12.5 


1.492 


34.5 




27 1 


274 


19.6 


. 1.167 


12 


1.485 


34 


1.375 


26.5 1 


266 


19 


1.160 


11.5 


1.4T7 


33.5 


1.367 


36 1 


259 


18.5 


1.153 


11 


1.470 


83 


1.8fl0 


25.5 1 


252 


18 


1.146 


10.5 


1.463 


32.5 


1.353 


26 1 


245 


17.5 


1.139 


10 


1.455 




1.845 


24.5 1 


238 


17 


1.132 


9.5 


1.448 


31.5 


1.838 


24 1 


231 


16.5 


1.125 


S 


1.440 


81 


1.831 


23.5 1 


224 


16 


1.118 


8.5 


1.433 


30.5 


1.S24 




217 


15.5 


1.111 


8 


1.426 


30 


1.817 


22.5 ] 


210 


15 


1.104 


7.5 


1.418 


23.5 


1.309 


22 1 


208 


14.5 


1.097 


7 


1.411 




1.302 


21.5 1 


196 


14 


1.090 


6.5 


1.404 


28.5 


1.295 


21 1 


188 


13.5 


1.083 




1.396 


28 


1.288 


20.5 1 1 


18! 


13 


1.076 


6.5 



* Liquor Natri caustici of the Pharmaoopcea GermanJca has a spec. grav. of 
fcora 1.330 to I.S34, and contains from SO to 31 per Bent, of sodimn liydrate, or 
about 23.5 per cent, of sodium oside. 
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With tho decrease and increase of temperature, the density of tlie solu- 
tion BTrifera a corresponding increase or decrease,. amonntiDg, for each de- 
gree of the centigrade thermometer, in either direction — 

For aoluUon of s Bpodflc gravity of IJMO to th&t of 1.S53, to abont 0.00M5, 



LITEn CARBONAS. 

LITHIUM CARBONICUM. 
C/irltonate of Lithiwat, Lithiv/m Varbmuite. 

An odorless, white, granular powder, fusible at a liigh tem- 
perature ; when heated in an aleohol-ilaine, upon the looped 
end of platinum wire, previously moistened with hydrochloric 
acid, it imparts a crimson color to the flame. 

Lithium carbonate is but sparingly soluble in water or alco- 
hol, requiring about 108 parts of the former, at 16° C.,for solu- 
tion ; it is readily dissolved, with eiferveseence, by diluted 
acids; its solution in diluted hydrochloric acid, when evapo- 
rated to dryness, leaves a residtie which is readily and com- 
pletely soluble in a few drops of a mixture of equal parts of 
alcohol and ether (distinction from potassium and sodhim 
chlorides). When this latter solution is poured into a small 
porcelain capsule, and ignited, it burns with a red flame; the 
residue left in the capsule after the ignition is then dissolved in 
a few drops of water, and added to a very dilute solution of 
sodium phosphate, to which one drop of solution of ammonium 
chloride has been added; a white, crystalline precipitate of 
lithium phosphate, readily soluble in hydrochloric acid, will 
appear, 

Ezamination : 

One grain of the lithium carbonate is placed in a small test- 
tube, and two drachms of cold water, exactly weighed, are grad- 
ually added to the carbonate, with frequent agitation, closely 
observing the point when complete solution of tho salt takes 
place ; it must not occur until nearly the whole of the water is 
added ; otherwise an admixture of alkaline or other salts is 
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indicated ; in this ease, the presence of the former may he ascer- 
tained by the above-described method, depending upon the solu- 
bility of lithium chloride in a mixture of alcohol and ether. 

Galcium, s(Ms may be detected in the aqueous solution of 
the lithium carbonate, previously neutralized with liydrocliloric 
acid, by a white turbidity with ammonium oxalate. 

Magnesium and ahtminium. may be detected in the solu- 
tion, neutralized with hydrochloric acid, by testing it, in two 
separate portions, with lime-water and with sodium carbonate ; 
a white torbidity would indicate the presence of compounds of 
either of these elements, 

Metallie impurities are detected, in the aqueous solution, by 
bydrosulphurie acid, and subsequent aeidiilatioii with hydro- 
chloric acid. 



LITHII CTTSAS. 

LITHIUM CITKICUM. 
Citrate ^f Lithium. Lithium Citrate. 

A white, amoi'pbous, deliquescent powder, solnble in 35 
parts of water, and also soluble in alcohol. Heated in a porce- 
lain capsule, it blackens, evolves inflammable vapors, and leaves 
a white residue, which, when dissolved in a little alcohol, with 
one or two drops of hydrochloric acid, and ignited, imparts a 
crimson color to the flame. 

When the aqueous solution of lithinm citrate is completely 
precipitated with calcium cbloride, the iiltrate, when heated, 
will become turbid, and when filtered after cooling, and the 
filtrate reheated to boiling, it becomes turbid again (evidence 
of the presence of citric acid). 

Ten grains of lithium citrate, heated for about 15 minutes, 
in a tared porcelain crucible, at a low red heat, with free access 
of air, leave 5.3 grains of a white residue of lithium carbonate. 

Examination : 

Potassium salts are detected in the concentrated solution 
of the citrate, by a white, crystalline precipitate, upon the ad- 
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dition of a few drops of concentrated solution of sodium bitar- 
trate. 

Sodium, salts are detected in the solution, by a white ])re- 
cipitate when tested with potassium antiinoniate. 

The presence of potassium and soditim salts may also be 
ascertained by dissolving, in one or two drops of diluted hydro- 
chloric acid, the residue of lithium carbonate obtained by in- 
cineration of the citrate; this solution is evaporated to dryness, 
and is subsequently dissolved in a few drops of a mixture of 
equal parts of alcohol and ether ; a complete solution shonld 
take place, as an insoluble residue would indicate potassium or 
Bodium chlorides. 

Metallic impurities may be detected, in the solutioQ, by liy- 
drosulphuric acid. 



SIAQNESIA. 

MAGNESIA USTA. MAGiYESII OXIDUM. MAGNESIUM OXYDATUM. 
Maguesia. Calcined Magnesia. Magnesium. Oxide. 

A white, inodorous, bulky, more or less light powder, of a 
slightly alkaline taste, and an alkaline reaction upon moist 
blue litmus-paper ; when exposed to heat, it suffers no change 
whatever. 

Magnesia is almost insoluble in water, but unites readily 
with one equivalent of water, at once when mixed with it, or 
slowly on exposure to the atmosphere, forming a hydrate which 
is soluble in about 5,000 parts of cold, and 36,000 parts of boil- 
ing, water, and which attracts carbonic acid from the air. 

"When triturated with water, magnesia must dissolve with- 
out effervescence, upon the addition of sulphuric acid (evidence 
of the absence of carbonate), and iimst fotm a clear solution 
(evidence of the absence of calcium, barium, and strontium 
oxides) ; this solution may be divided into two portions, one of 
which is mixed with an equal volume of hydrosulphuric acid, 
and is subsequently slightly over-saturated with aqua ammo- 
nias ; a dark coloration or turbidity, either before or after the 
addition of the ammonium hydrate, would indicate metallic 
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impurities, and a white precipitate, on tlie addition of the aqua 
ammoniae, siMo oxide; tlie filtrate is tested with ammonium 
oxalate for Golamm. The second portion of the solution in sul- 
phuric acid ia over-saturated with aqua ammonise, and tested 
with sodium phosphate, which will produce a copious, white, 
crystalline precipitate of ammonio-magneaium phosphate. 

Magnesia is liable to contain the impurities of the magne- 
sium earhonate from which it has been obtained, and may be 
examined tor them, if they have not heen ascertained by the 
preceding tests for identity and purity, hy the nietbods de- 
scribed on page 260. 



SIAQNESn OARBONAS. 

MAGNESIA CABBONICA. MAGNESIA ALBA. 

Carbonate qf Magne»iv.m. Magnenv/m Carbonate. 

"White, bulky, pulverulent masses, commonly in square 
cakes, or a light, white powder, smooth to the toucii, and near- 
ly insoluble in water, but soluble with effervescence in dilute 
acids, yielding limpid, colorless solutions ; these, after the addi- 
tion of a little solution of ammonium chloride, are not precipi- 
tated upon slight over-saturation with ammonium hydrate, and 
render a copious white precipitate of ammonio-niagnesium 
phosphate, upon the addition of sodium phosphate. 

Magnesium cai-bonate is decomposed at a red heat, and also 
by all acids, and by the fixed alkaline hydrates. 

, One drachm of magnesium carbonate requires for saturation 
7^93 grains of citric, and 94,23 grains of tartaric, acid ; 100 
parts of it, when calcined at a red heat, leave 40 to 43 parts of 
magnesium oxide, 

ExaminatioiL : 

About 20 grains of the powdered magnesium carbonate are 
mixed and agitated with about one ounce of warm water; 
the filtrate is tested with turmeric-paper, and, if this becomes 
brown, alkalme oarhonates are indicated ; when a few drops 
of the iiltrate are evaporated upon platinum-foil, only a very 
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slight residue sbould remain. The magnesium carbonate left 
01! the filter is rinsed into a fiaak, hy means of a washing-bottle ; 
the mixture is warmed, and sulphuric acid added, drop by drop, 
until solution is effected ; a remaining slight turbidity would 
indicate traces of siUcic acid. The solution is filtered, if neces- 
sary, and saturated with liydrosulphuric-acid gas, and is then 
rendered alkaline by the addition of a strong solution of ammo- 
nium carbonate ; an ensuing greenish turbidity would indicate 
salts of *V(?ray a light reddish one, salts of maw^anesey a white 
one, not disappearing upon the addition of aqua ammoniee, 
salts of aUtmimum or sine (the incidental presence of phos- 
phates would also give a white precipitate). In order to dis- 
tinguish them, the precipitate is washed, and subsequently dis- 
solved in a few drops of liquor potassze, and the solution diluted, 
and tested with ammonium chloride, which precipitates akh 
mmiwrn hydrate, while zinc remains in solution, and may be 
recognized by reprecipitation with hydrosulphuric acid. 

The ammouiaeal filtrate is then tested with a few drops of 
ammonium oxalate; a white precipitate, insoluble upon the 
addition of ammonium chloride, would indicate salts of cal- 
omm. 

Chlorides and sulphates may be detected, in the diluted 
solution of the magnesium carbonate in diluted sulphuric acid, 
by testing the same in separate portions, with barium nitrate 
for sulphates, and with argentic nitrate for chloride. 



UAONSSII SULPHAS. 

MAGNESIA SULPHURIC>. 

.^Mom Sail, Sulphate of Magnesium. Magneahum Sulphate. 

Colorless, transparent, rhombic prisms, but usually met 
with in commerce as small, acieular needles ; they contain 
seven molecules (51.22 per cent.) of water of crystallization, six 
of which pass off at 130° 0. ; the last molecule is not expelled 
below 220° 0,; the cr}'stals do not efloresce at common tem- 
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peratures and in oi-dinary atmospheric humidity, hut they do 
BO slowly in warm, dry air. When heated, they undergo aque- 
ous fusion, give out their water of crystaltization, and at a red 
heat undergo igneous fusion, with partial decomposition. 

Magnesium sulphate dissolves in three parts of cold, and in 
one part of hoiling, water, but is insoluble in alcohol ; its aque- 
ous solution has a nauseous, hitter taste, and a neutral reaction 
on test-paper; it is decomposed, and gives white precipitates, 
with the fixed alkaline hydrates and carbonates, and also with 
the earthy liydrates and their soluble salts ; ammonium hy- 
drate and carbonate do not at once cause a precipitate in dilute 
solutions of magnesium sulphate, or, if eo, only an incomplete 
one, since ammonium salts, when present or formed in acidu- 
lous solutions, hinder or retain this reaction ; but, on addition of 
phosphoric acid or solutions of tri-basic phosphates, a complete 
precipitation takes place, which precipitate, however, is soluble 
in dilate acids. 

The crystals of magnesium sulphate are isomorphous with 
those of zinc sulphate, and cannot be distinguished from them 
by the eye ; it is easy, however, to discriminate between them, 
not only bj' the difference in taste, but also by the action of a few 
drops of ammonium sulphydrate on their aqueous solutions ; 
that of magnesium sulphate, in this case, remains unchanged, 
while solution of zinc sulphate yields a white precipitate. 



Metals may be detected "by the occurrence of a turbidity, 
when the concentrated solution of magnesium sulphate is 
mixed with twice its bulk of hydrosulphuric acid, and when 
subsequently a few drops of ammonium sulphydrate are added ; 
a white precipitate with the latter reagent would indicate sine ; 
when a dark precipitate is formed, copper and iron are indi- 
cated, and may be conlirmed in the slightly-acidulated solution 
of the salt, the former by a reddish-brown precipitate, the latter 
by a blue one, with" potassium ferrocyanide. 

Alkaline sulphates may be detected by boiling, in a porce- 
lain capsule, to about half its original bulk, a solution of about 
20 grains of the magnesium sulphate in three ounces of water, 
with one drachm of barium carbonate ; ammonium sulphate 
will be recognized during the ebullition by the odor of ammo- 
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nia, and by white fumes when a glass rod, moistened with 
acetic acid, ia held over the hot liquid ; sodium sulphate will 
be indicated by the alkaline reaction of the filtrate with litmus 
and turmeric papers. Galeium salts may be detected, in the 
diluted solution of the salt, by a white turbidity with ammo- 
nium oxalate. 

One hundred grains of magnesium sulphate, dissolved in 
boiling water, and completely precipitated by a boiling solution 
of sodium, carbonate, yield a precipitate which, when washed 
and dried, weighs 3i grains, and when calcined at a red heat, 
16.26 grains. 

A quantiiative esUinaimn of magnesium sul/pliate may be 
afforded, by making a solution of 100 grains of the salt in wa^ 
ter to which subsequently have been added a little solution of 
ammonium chloride and some aqua ammonise, and completely 
precipitating it with sodium phosphate ; the mixture is allowed 
to stand for 10 or ].2 hours, when the precipitate is collected 
upon a filter, washed with very dilute aqua ammonite, and, 
when dry, completely incinerated in a porcelain crucible. The 
weight of the residue, divided by 2.775, shows the percent- 
age of magnesium oxide ; and when the number thus obtained 
is multiplied by 2.216, the product represents the percentage 
of crystallized magnesium sulphate in the salt under exami- 
nation. 



MANGANESn OXIDTJM NIOBTJDI. 



Black Oxide of Mangameie. Fyrolumte. 



Heavy, compact masses, of a dull-black or brownish-black, 
earthy appearance, or masses of acicular or rhombic crystals of 
a black, metallic lustre, and, if pure pyrolusite, of a spec, gi'av. 
of 4.9. In commerce, it occurs usuallyground, as a coarse, dull, 
black powder, consisting of manganese dioxide, sesqui-oxide, 
and monoxide, and ia contaminated with the gangue (quartz, 
felspar, barytes, limestone, etc.), which frequently amount to 
40 or 50 per cent. 
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Manganese dioxide is iiifnsibie and analterable bj heat, ex- 
cept that it loses oxygen ; it does not combine with acids, but 
is decomposed by them ; it is insoluble in water. "Wlien a 
particle of it is heated to redness upon platinum-foil, with a 
few grains of potassium hydrate and nitrate or chlorate, it 
yields a dark-green fuse, which dissolves in water, with a green 
color, changing to purple when the solution, is boiled. When 
heated in a test-tube, with hydrochloric acid, chlorine-gas is 
evolved, and a brown solution obtained, which, when filtered, 
and saturated with aqua ammonias, gives a fiesh-colored pre- 
cipitate with hydrcraulphuric acid ; the color of this precipitate 
is, however, frequently rendered darker, or even brownish black, 
by the presence of oxides of iron and other metals. 

Since the value of pyrolusite, for its application in the arts 
and trades, depends less upon the nature of its impurities than 
upon the percentage of real manganese dioxide, an examination 
of the mineral is invariably required before its application, and 
ia mainly directed to the determination of the amount of dioxide. 

Among the several methods of conducting the assay, the 
two following are simple and accurate, the one being an ap- 
proximate, the other a quantitative one : 

1. Ten grains of the finely-powdered black manganese di- 
oxide are added, in a small flask, to a solution of 40 grains of 
granular ferrous sulphate in two drachms of water, and, when 
mixed by gentle agitation, one fluid-drachm of concentrated 
hydi'ochloric acid is added, and the mixture allowed to stand 
in a warm place, with occasional gentle agitation, for several 
hours ; a tew drops of diluted hydrochloric acid are then added, 
and the mixture heated to boiling, and, after a while, filtered ; 
the filtrate is diluted, and tested with potassium ferrieyanide ; 
if it gives no blue precipitate, the test bears evidence that the 
pyrolusite contains at least 60 per cent, of real manganese 
dioxide ; if a blue precipitate takes place, the peroxide is want- 
ing in that strength in proportion to the amount of the pre- 
cipitate, 

2. Fifty grains of the black oxide of manganese, in a fine 
powder, are carefully introduced into the flask A (Fig, 76) of 
the little apparatus described on page 60, into which previously 
have been poured 100 grains of concentrated hydrochloric acid 
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and about ha]f an ounce of water ; 50 grains of pure, crystal- 
lized oxalic acid aie then added, the cork carrying the tubes ie 
fitted, and the whole apparatus 
quicldy weiglied or counterpoised ; 
tlie flask B is charged with a lit- 
tle concentrated sulphuric acid, 
through which the evolved car- 
bonic-acid gas has to pass, and 
\\hich absorbs and retains tie 
moisture; gentle heat is applied 
to the flask A, as long as a brisk 
evolution of gas takes place ; the 
process is completed when this ac- 
Ya,.it. tio" ^^^ *'i^ passage of gas-bub- 

bles through tiie sulphuric acid 
ease, and the black color of the mixture has changed to 
a more or less brown one ; the residua! gas is then driven off, 
by momentary ebullition, and the apparatus weighed. Every 
two molecules of carbonic acid evolved correspond to one mole- 
cule of manganese dioxide decomposed ; the moleeular weight 
of the latter (87) being so nearly equal to twice that of carbonic 
acid (44), that the loss of weight suffered by the apparatus may 
be taken to represent the quantity of real manganese dioxide 
in 50 grains of the sample ; and it has only to ho doubled in 
order to express the percentage. 
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aiAlTGANESlI SULPHAS. 

MANGANUM SULPnURICUM. 

Sulphate of Ma/ngamete. Manganoua Sulphate. 

Colorless or pale rose-colored prismatic crystals, occurring 
in three different forms, with different quantities of water of 
crystallization ; (1.) Oblique-rhombic prisms (isomorphous with 
ferrous sulphate), containing seven molecules of water of crys- 
tallization, and obtained when crystallized at a temperature 
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below 6° 0. ; (2.) Bhomboidal prisms (isomorphons with euprie 
sulphate), containing five moleeuleB of water of crystallization, 
obtained when crystallized at a temperature between 1° and 
20° C. ; and (3.) Eight-rhombic prisma (isomorphons with mag- 
nesium sulphate), containing foar molecules of water of crys- 
tallization, and obtained when crystallized between 20° and 
30° 0. 

The latter salt is the one commonly met with. The crys- 
tals are permanent in the air, though slightly efflorescent In 
air that is dry and warm ; they are soluble in nearly their own 
weight of cold water, bat insoluble in alcohol ; the aqueous so- 
lution is neutral and colorless, or has, when concentrated, a 
faint rose-color ; its taste is astringent, and it affords, with the 
alkaline hydrates and carbonates, white precipitates, of which 
those with the hydrates gradually become yellow, and finally 
dark trown, by oxidation ; ammonium sulphydrate produces a 
flesh-colored precipitate soluble in acids; hydrosulphuric acid 
throws down the same precipitate, but not before the addition 
of an alkaline hydrate or carbonate ; tannic acid or tincture of 
nutgall will not act upon the solution ; potassium ferrocyanide 
and barium nitrate produce white precipitates, and potassinm 
ferricyanide a brown one. 

When a fragment of a crystal of raanganous sulphate is 
heated with one or two drops of liquor potassce, upon plati- 
num-foil, it yields a bluish-green fuse. 

Examination : 

ferrous and owpric sulphates are detected, in the diluted 
solution, acidulated with hydrochloric acid, the former by a 
blue precipitate with potassium ferrocyanide, the latter by a 
blact one with hydrosulphuric acid. 

Magnesium and alkalme sulphates may be detected by 
completely precipitating the dilute solution of the salt with 
ammonium sulphydrate, and by testing part of the Jiltrate with 
sodium phosphate; a white, crystalline precipitate will indi- 
cate magnesium, sulphate ; if no reaction has taken place, an- 
other portion of the filtrate is evaporated in a porcelain cap- 
sule, and the residue heated to redness upon platinum-foil ; 
a fixed remainder would indicate ^to8«tM» and sod'mm salts. 
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MORPHIUM. MORPHINUM. 
Morphia. MorpMne. 

Small, brilliant, prismatic ciystals, transparent and color- 
less, or a white, crystalline powder. Heated in a dry test- 
tube, morphia los^s its trartsparency and its water, and fnses to 
a yellow mass, which becomes white an(3 crystalline on cool- 
ing ; heated on platinum-foil, it burns away, leaving a carbo- 
naceous residue which is wholly dissipated at a red heat. 

Strong sulphuric acid dissolves morphia without coloration ; 
the solution becomes green on the addition of one drop of solu- 
tion of potassium bidiromate, or purple with one drop of nitric 
acid. Concentrated nitric acid, diluted with an equal volume 
of water, dissolves morphia, with a yellow color, which, after a 
while, or at once upon heating, becomes purple ; this yellow 
solution in dilute intric acid remains unchanged upon the addi- 
tion of a few drops of stannous chloride (distinction from bru- 
cia, which yields a violet coloration), When a few particles of 
morphia are added to a little diluted neutral liquor ferri chlo- 
ridi or sulphatis, a deep-blue color is produced. Tiiis reaction 
takes place also in solutions of morphia, if they are not too dilute. 

Morphia is but sparingly soluble in cold, but a little more 
in boiling, water, forming a solution of a bitter taste and a 
faint alkaline reaction ; it is almost insoluble in ether (distinc- 
tion from nareotia and codeia), in benzol, and in amylic alco- 
hol, somewhat soluble in chloroform, and quite so in about 90 
parts of cold, or 30 parts of boihng, alcohol ; it dissolves free- 
ly in dilute acids, in the fixed alkaline hydrates, and in lime- 
water, but is almost insoluble in ammonium hydrate. 

Dilute solutions of morphia in acidulated water are not pre- 
cipitated by liquor potassse or sodse, when added in excess (dis- 
tinction from nareotia), Wor by potassium bicarbonate (distinc- 
tion from the cinchona alkaloids), nor by tannic acid ; they dis- 
charge the color of solution of potassium permanganate quickly, 
and decompose potassium iodate at once, liberating iodine, 
which may be extracted by agitating the solution with a little 
chloroform or carbon bisulphide, which, on subsiding, acquires 
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a scarlet color, wliile the aqueous solution remains brown. The 
acidulated solution of morphia affords a white precipitate with 
potassio-mercurie iodide, and a hrown one with iodinized potas- 
sium iodide. 

The ready solubility of morphia in liquor potassse and sodie, 
and its reducing action upon iodic acid and potassium perman- 
ganate, distinguish it from almost all other vegetable alkaloids. 

Examination : 

Naraoi/ia, is indicated by a white, crystalline residue, left 
upon evaporating, on a watch-glass, a little pure ether agitated 
with a few grains of the morphia. 

Miaierdl impurities or admixtures may be detected by a 
fixed residue, upon complete incineration of a littJe of the mor- 
phia on platinum-foil, as well as by their insolubility, when 
about three grains of the motpliia are dissolved in two fluid- 
drachms of boiling alcohol, 

Estiinatioa of the Storphia Strength of Opium : 
Since the therapeutical and commercial valne of opium 
mainly depends upon the quantity of morphia, an examination 
of opium is invariably required before its introduction into the 
market or its application for the manufacture of the opium 
alkaloids, or for medication. Among the various methods for 
the estimation of the morphia strength of opium, the following 
are simple in execution, require comparatively little time, and 
render approximate! 3' correct results. 

Stapleis Process. — One hundred grains of the powdered and 
dried opium are exhausted upon a filter with some warm, pure 
benzol, until the drops of the benzol pass through colorless. 
The opium is subsequently dried upon the filter until the odor 
of benzol has entirely disappeared, and the powder has acquired 
a dry appearance ; it is then triturated, and rinsed into a flask 
with so much water as to measure 10 fluid-draclims ; the mix- 
ture is macerated, with occasional agitation, for 12 hours, and 
is then poured upon a moistened filter, and tepid water allowed 
to percolate through the opium, until the washings are quite or 
nearly colorless. The aqueous solution is then evaporated in 
a beaker, upon t!ic water-bath, at a moderate heat, to about 
half a fluidounce, and this is mixed with an equal bulk of alco- 
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liol of a spec. grav. of 0,835, filtered through a small filter, 
and the latter washed with a little dilute alcohol. Then, one- 
half of a mixture, consisting of 60 drops of aqua ammonite 
and two fluid-drachms of alcohol, is added, with agitation, and 
the mixture allowed to stand, in a closed flaalc, for six hours, 
when the remainder of the ammonia ia added, and the mixture 
permitted to rest again for 3i hours. The crj'stalline deposit in 
the flask being detached from its sides, the entire contents are 
gradually poured upon a small tared filter, and the crude, crys- 
talline morphia washed with a few drops of cold water, and 
dried at a temperature not exceeding 80° C, when the morphia 
is exhausted on the same filter, with a little warm pure ether, 
and dried again at the same temperature, until, upon repeated 
weighings, the weight remains unaltered. The weight indi- 
cates the percentile of morphia in the opium. 

Jlager-Jacobs&i^s Process. — Six and a half grammes (100.321 
grains) of the powdered and dried opium are triturated with 
three grammes {46.302 grains) of dry calcium hydrate, and so 
much water as to form a soft mass; this is rinsed into a tared 
flask of about 100 cubic centimetres (3J ounces) capacity, with 
so much water that the whole weighs 74^ grammes (2 ounces 
and 3 drachms). The flask is then loosely corked, and di- 
gested, on a water-bath, with occasional agitation, for about 
one hour. After cooling, the flask is replaced upon the bal- 
ance, and the amount of the evaporated water is exactly re- 
stored ; the liquid is then passed through a small moist filter. 
The filtrate is collected in a test-tube, of about one inch in 
width and from six to seven inches in length, upon which there 
has been previously made a mark indicating the volume of 50 
cubic centimetres (the bulk of 13 drachms of distilled water, 
at about 16° C). This volume is generally obtained from the 
filter ; in case it be a little more, the funnel is withdrawn when 
the filtrate reaches the mark. A mixture- of eight drops of 
benzol and three cubic centimetres (46^ fluid-grains) of ether 
is then added, and the test-tube corked and agitated ; which 
process is continued after the subsequent addition of 4J 
grammes (TO grains) of powdered ammonium chloride, until 
this is dieaolved. The mixture is allowed to stand for three or 
four hours ; the crystalline deposit in the test-tube is then de- 
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taehed, if ncecsBary, and the whole gradually transferred to a 
amall tared and moistened filtor ; the crystalline mass is 
washed with a few dropa of water, and then dried, at a tem- 
perature not exceeding 80° C, and is subsequently washed 
upon the same filter with a little chloroform. Tiiially the fil- 
ter is completely dried, at a temperature not exceeding 80° C, 
and weighed. The weight of the precipitate indicates the 
percentage of morphia in the opium. 

Sohndder's Process. — Ten grammes (154.340 grains) of the 
powdered and dried opium are exhausted with a niisture of 150 
grammes (4 ounces, 6^ drachms) of water, and 20 grammes 
(5 drachms, 9 grains) of pure hydrochloric acid ; the residwe, 
after extraction, washing, and drying, should not exceed 4.5 
grammes (1 drachm, 9^ gi-ains) in weight ; to the acid fluid, 20 
grammes (5 drachms, 9 grains) of common salt are added, and 
the liquid, after standing for 24 hours, is p^aed through a filter, 
and this and the deposit of narcotia washed with a little dilute 
solution of common salt ; aqua ammonife is then added to the 
filtrate in a slight excess, and the whole allowed to stand for 
24 hours more; the crystalline deposit is then collected, re- 
dissolved in diluted acetic acid, and precipitated with diluted 
aqua ammonife ; the precipitate is collected upon a moist tared 
filter, washed with a little cold water, dried at a heat not ex- 
ceeding 80° C.,and weighed; its weight should be not less than 
one gramme (15.434 grains), corresponding to 10 per cent, of 
morphia. 

Estimation of the Horphia Strengih of Tincture of Opium : 

"When tinctMre of opitim has to be examined for the quan- 
tity of morphia it contains, this may be ascertained by either 
of the two following methods : 

I, Twenty-one and one-third fluid-drachms (representing 
100 grains of opium) of the Tinctura Opii (each fluidounce of 
which, when prepared according to the U. S. Pharmacopceia, 
represents 37.5 grains of opium) are evaporated in a porcelain 
capsule or a heaker, on a water-bath, at a moderate tempera- 
ture, to about one-third of the original volume; then, after 
standing in a cool place for twenty-four hours, the liquid is 
decanted from the resinous deposit, and the latter wished with 
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altogether about 4 fluid-draclinis of cold water. The entire 
liquid is then reduced to about one fluidounce, by evaporation 
at a moderate temperature, and, when cold, is passed through a 
small moiBt filter, the capBule or beaker being washed, by means 
of a wasbing-bottlcj with about one drachm of water. To the 
filtrate is then added an equal volume of alcohol of a spec, grav, 
of 0.835, and, snbsequentlv, one-half of a mixture consisting of 
60 drops of aqua ammonias and two fluid-drachms of alcohol. 

The operation is then continued in the same mode as de- 
scribed under Status's morphiometric process on page 267. 

II. Twenty-one and one-third fluid-drachms (representing 
100 grains of opium) of the Tinetura Opii are diluted, in a 
beaker, with about nine ounces of tepid water, and then com- 
pletely precipitated with a strong solution of plumbic acetate ; 
the mixture is allowed to stand in a warm place for two hours ; 
it is then liltered, and the precipitate washed upon the filter 
with tepid water, until this ceases to redden blue litmus-paper. 
The filtrate is nest saturated with hydroaulph uric-acid gas, and 
allowed to -stand for one hour, when it is filtered and washed 
again. Then bo mnch of a solution of potassium bicarbonate 
(free from carbonate) is added to the filtrate as to render it 
slightly alkaline ; it is then filtered, and the precipitate washed 
with a little carbonic-acid water ; the filtrate is then over-satu- 
rated with acetic acid, and evaporated in a tared porcelain 
capsule, on a water-bath, to about three ounces by weight ; 
when nearly cold, it is completely precipitated with a soltition 
of one part of potassium carbonate in two parts of water, and 
is then allowed to stand for 24 hours, when the crystalline de- 
posit is collected upon a small tared filter, and washed with a 
few drops of cold water, or until this ceases to change the color 
of red litmus-paper at once. The precipitate is dried on the 
filter at a temperature not exceeding 80° C, and is then ex- 
hausted on the filter with a little warm, pure ether, and sub- 
sequently dried again at the same temperature. 

In both tests the precipitate, when completely dry, should 
weigh at least 10 grains, indicating the employment of an 
opium containing 10 per cent, of morphia, and a morphia 
strength of the tincture amounting to 3.Y5 grains in each 
fluidounce. 
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WORT TTTJR ACETAS. 

MORPHIUM SEU MORPHINUJI ACETICUM. 
Acetate iff Morphia or Morphine. Morphia Acetate. 

A white or nearly white powder, with a feehle odor of 
acetic acid, and permanent in the air ; when heated upon plat- 
inmn-foit, it fnses, and is wholly dissipated at a red heat. It 
remains colorless when moistened with concentrated sulplmrie 
acid, and dissolves in concentrated nitric acid, with a scarlet 
color. 

Morphia acetate is soluble in about 24 parts of eold water, 
acidulated with a few drops of acetic acid, and freely soluble in 
boiling water, and in diluted acids ; it is little soluble in cold, 
but more so in warm, alcohol, but almost insoluble in ether. 
Its aqueous solution has a very bitter taste and a slightly acid 
reaction ; it is rendered turbid by tannic acid, but becomes 
transparent again upon the addition of diluted sulphuric acid 
(evidence of the absence of narcotia) ; it is not permanently 
precipitated by potassium hydrate, when added in a slight ex- 
cess (distinction from most allialoids), nor by potassium bicar- 
bonate (further distinction from narcotia and from the cinchona 
allsaloids), and assumes a greenish-biue coloration with dilute 
solution of ferric chloride. 



HOBFHI^ HYDBOCHI.OSAS. 



SydvocJdoraU of Morphia or Morphine. Morphia Sydroehloride. 

Colorless, transparent, flexible, acicular crystals, of a silky 
lustre, or a crystalline powder, containing 14 per cent, of water 
of crystallization, which evaporates at a moderate temperature. 
Heated upon platinum-foil, morphia hydrochloride fuses, and, 
at a higher temperature, burns away witliout residue. 

Morphia hydrochloride is soluble in 20 p^rts of cold, and in 
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nearly its own weiglit of boiling, water, and in 60 parts of cold, 
and 10 parts of boiling, alcohol. Its aqueous solution is neu- 
tral, lias a bitter taste, and assumes a jellowish-red coloration 
upon the addition of strong iiitrie acid, with gentle heating, and 
a bluish one with dilute solution of ferric chloride ; it renders 
no permanent turbidity with dilute liquor potaasse in a slight ex- 
cess, but is precipitated hy ammonium hydrate. Wiien acidu- 
lated with hydrochloric acid, the solution yields no precipitate 
witii tannic a<!id, nor with potassium bicarbonate (distinction 
from narcotia and from the cinchona altaloids). With argen- 
tic nitrate, the aqueous solution of morphia hydrochloride gives 
a white, curdy precipitate, insoluble in nitric acid, but soluble 
in aqua ammoniEe, which solntion, when heated in a test-tube, 
separates metallic silver. 

When a little dry morphia hydrochloride is added to a mix- 
ture of two parts of concentrated sulphuric acid and one part 
of water, in a small test-tube, no change of color of the liquid 
takes place, either at common temperatures, or when gently 
warmed by immersing the test-tube in hot water (evidence of 
the absence of salicin and other bitter substances) ; when this 
liquid is divided into two portions, and one drop of strong 
nitric acid is added to the one part, a rod coloration occurs, 
and on adding a trace of potassium bichromate to the other 
part, only a slight yellowish-green coloration takes place. 

Morphia hydrochloride dissolves in chlorine- water, with a 
yellowish color, which becomes brown upon addition of aqua 
ammoniEe (distinction from quinia, which yields an emerald- 
green coloration). 



KOBPHI^ SULPHAS. 

MOEPHIUM SEU MORPBINUM STJLPHURICUM. 
Sulphate of Morphia or Morphine. Morphia Sulphate. 

Colorless, transparent, fasciculate, feathery crystals, perma- 
nent in the air ; they contain about 14 per cent, of water, of 
which 12 per cent., water of crystallization, are given olf at 
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100° C. When heated upon platinum-foil, morphia sulphate 
fuses, and burns away without residue- 
Morphia sulphate is soluble in twice its weight of cold, and 
less than 'its own weight of hoiling, water (distinction from 
quinia sulphate) ; it is leas soluble in alcohol, and almost insol- 
uble in ether and in chlorofoi'm. Its aqueous solution is neu- 
tral and very bitter ; it gives no permanent precipitate with 
potassium hydrate when added in a slight excess, nor witli po- 
tassium bicarbonate (distinction from the cinchona alkaloids), 
but a white one with ammonium hydrate or carbonate. It 
gives a bluish reaction with ferric chloride, and a white pre- 
cipitate, insoluble in acids, with barium chloride. 

Morphia sulphate dissolves in strong sulphuric acid without 
coloration, even when gently warmed by dipping the test-tube 
in warm water (evidence of the absence of salicin and other 
bitter glucosides) ; it dissolves in concentrated nitric acid with 
a yellowish-red coloration (distinction from quinia). When 
dissolved in a little chlorine-water, morphia sulphate yields a 
greenish-yellow solution, which becomes dark-brown upon ad- 
dition of aqua ammonite (further distinction from quinia, 
which yields an emerald-green reaction). 



NICOTINUM. 
Nicotine. Nicotia. 
A colorless or nearly colorless, oily, and volatile liquid, of 
1,027 spec, gray., with a pungent odor, resembling that of to- 
bacco, and an acrid, burning taste. By exposure to the air, it 
becomes gradually brown and thick ; when heated, it vola- 
tilizes, forming irritating vapors, which, when ignited, burn 
with a bright flame. When dropped into concentrated sulphu- 
ric acid, it dissolves, with a red color, and, when one drop of 
solution of potassium bichromate is added, the solution be- 
come brown, and subsequently green. Nicotia produces white 
fumes with hydrochloric and acetic acids, precisely like ammo- 
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nium hydrate ; -when dropped into concentrated bydroehlorie 
acid, and heated, it dissolves with a deep-violet color, and 
likewise in nitric acid, with an orange-jellow color. 

Nicotia sinks when dropped into water (distinction from 
conia, which floats) ; it is miscible vrith water, alcohol, ether, 
carbon biaulphide, and chloroform, and with most fixed and 
essential oils ; its solutions have an alkaline reaction, and an 
acrid, burning taste ; they are precipitated by solations of tan- 
nic acid and of potassio-merciiric iodide ; the alcoholic solution 
should yield no turbidity with diluted sulphuric acid (evidence 
of the absence of ammonium hydrate). The aqueous solution 
of nicotia, when applied to the eye, causes the pupil a 
to dilate (mydriasis) and to contract (stenocoriasis). 



OLEUM AMYGBALARTTM AMAKABUM. 

Oil qf Bitter Almonds. 

A thin, colorless, or golden-yellow liquid, of great refractive 
power, and of the odor of bitter almonds, when triturated with 
water. Exposed to the air, it greedily absorbs oxygen, with 
the formation of crystals of benzoic acid ; its spec. gray, is 
from 1.04 to 1.06 ; its boiling-point, 180° C. 

When dropped into water, oil of hitter almonds sinks, but 
dissolves upon shaking, unless too much oil has been used. 
When a few drops of liquor potassse are added to its aqueous 
solution, and afterward one or two drops of ferrous chloride or 
sulphate, and finally, after agitation, a slight excess of hydro- 
chloric acid, there will appear a blue coloration, and, atl;er a 
while, a blue precipitate. 

Oil of bitter almonds is miscible, in all proportions, with 
alcohol, ether, chloroform, carbon bisulphide, and essential and 
fatty oils ; it is also soluble in concentrated nitric acid, without 
color, and without the evolution of nitrous fnmes ; it forms a 
thick, crimson liquid with concentrated sulphuric acid. 

Among the several compounds of which oil of bitter al- 
monds consists, it contains from 3 to 14 per cent, of hydrocyanic 



by Google 



OLBA. 275 

acid, partly free and partly combined; the crude oil derived by 
distillation, without further rectification, generally is the richest 
in acid. 

Estimation of the Available Quantity o£ Hydrooyanic Acid in 
Oil of Bitter Almonds : 

1. Fifty grains of tlie oil are mixed with halt' an ounce of 
strong alcohol in a small flask; tlien four ounces of water are 
added, and 50 drops of liquor 
potaasEe, or so much as to ren- 
der the liquid strongly alka- 
line. Volumetiic test solution 
of argentic niti ite i'* then deln 
ered into this liquid (Fig 17) 
with constant stirrmg, untjl the 
ensuing precipitate cea'*es to 
be redissolved, and theiefoie i 
slight permanent tuibidity oc 
curs. Tlie quantity ot ar^en 
tic nitrate employed repiesents 
exactly half the amount uf 
hydrocyanic acid, ind hi 
therefore, to be multiplied bj 
four, to obtain the peieenta^e 
3, Another method consists 
in dissolving 50 giams ot the 
oil in half a fluidounce of alco 
hoi, in a small flisk and idd 
ing about fcur ounces of i\ i 
ter ; to this solution is then 
added a solutmn of 3U gi^ius 
of argentic nitrite in foui 
fluid-drachms ot aqua ammo 
nife ; the mixture is then gen 

tly warmed to about 50° C and, aftei lepeited igitition, an 
excess of nitnc acid i idded, ind the whole gently warmed by 
immersing the flT^k m hit water The precipitite of irgentie 
cyanide is collected upon a tired md moist filter wished until 
the washings cease to redden blue litmus paper, and then dned 
and weighed. The number of grains of tlic weight of the 
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dry argentic cyanide being divided by Jive, the quotient, multi- 
plied by two, gives tbe percentage of anhydrous hydrocyauic 
acid contained in the oil. 

Examiiiatioa : 

Alcohol may be detected in oil of bitter almonds Ijy agitat- 
ing it witli tliree times its volume of concentrated nitric acid, 
and subsequently warming the mixture by dipping the test- 
tube into hot water. No reaction takes place witii pure oil ; 
but, if it has an admixture of more than three per cent, of alco- 
hol, effervescence will occur, with disengagement of yellowish 
nitrous vapors. 

OMiOTofoTra; as well as alcohol, can be detected by submit- 
ting about two drachms of the oil to distillation from a water- 
bath, cooling the receiving test-tube in ice-water (Fig. 78). 
The boiling-point of the oil being at 180° 0., only admixtures 
volatile at or below the boiling-point of water will distil, with 




but small traces of tiie constituents of the oil. The obtained 
distillate is mixed with a little iodine-water f if chloroform be 
present, and no alcohol, it will absorb the iodine, and separate, 
with a rose-color. The colorless, aqueous liquid is decanted, 
and then warmed by dipping the test-tube in warm water ; one 
drop of solution of iodinized potassium iodide is added, and 
then one drop of liquor potassse, or so many as nearly to decol- 
orize the liquid. If alcohol be present, minute yellow crystals 



by Google 




OLEA, 277 

of iodoform will bo produced (Fig. 79), which, after subsiding, 
in .a conical glass, may be recognized by the examination of 
the sediment under the microscope. 

Nitrohensol may be detected by 
dissolving 15 grains of fused potassium 
hydrate in about two fluid-drachms of 
alcohol ; the solution may be aided by 
dipping the test-tube into hot water ; 
when it is complete, from 15 to 20 
drops of the oil are added, and the 
heating continued for a minute ; if i-ia, ra. 

the oil be pure, the mixture will re- 
main colorless or neai'ly so, and will form, on cooling, a white, 
crystalline deposit of potassium benzoate ; it it is contaminated 
with nitrobenzol, the liquid will assume a dark-brown color. 

Or the oil may be tested by agitating about one drachm of 
it with half a drachm of fused potassium hydrate. If nitroben- 
zol is present, the yellow color of the oil will give place to a red 
tint, which passes into green, if much nitrobenzol is present ; 
the green color disappears after about twelve hours and returns 
to the red tint. 

Essential Oils. — Adulteration with cheaper essential oils, 
as well as with nitrobenzol, may be detected by the property 
of oil of bitter almonds to dissolve in a concentrated aqueous 
solution of sodium bisulphite when added drop by drop and 
agitated ; whereas such admixtures remain undissolved, float- 
ing upon the aqueous solution after dilution with a little tepid 
water. 



Volatile Oil of Muita/rd. 

A colorless or pale-yellow liquid, of a most penetrating, 
pungent odor, and of 1.01 to 1.015 spec. grav. ; when dropped 
into water, it sinks slowly, and dissolves in about 60 parts of 
it, which solution forms a black precipitate, when heated with 
a few drops of solution of argentic nitrate. 
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Mustard oil ia miacible with alcohol, ether, chloroform, car- 
bon bisulphide, and benzol, and with fatty and essential oils ; 
it suffers decomposition with concentrated nitric acid, with the 
evolution of nitrons vapors, and the formation of a resinous 
residue. When dropped into concentrated sulphuric acid, 
mustard oil dissolves, without color, and without the evolntion 
of heat, and when mixed with concentrated sulphuric acid, in 
the proportion of one part of oil to three parts of acid, talcing 
care that the mixture is kept cool, sulphurous acid is evolved, 
and, after 12 hours, a colorless or but slifrhtlj brown, thick 
liquid or crystalline mass is formed, devoid of the odor of 
mustard oil. 

Examination : 

Admixtures of essential oils, carbon histdphide, nitrdbensol, 
and alcohol, are indicated by becoming warm and dark-colored 
when about five or sis drops of the oil are added to about 50 
or 60 drops of concentrated sulphuric acid, in a dry test-tube. 

Admixtures of alcohol, l^nBol, and other hydrocm-bons, are 
also indicated when two or three drops of the oil are allowed 
to fall into a test-tube, filled ahout one-third with cold distilled 
water ; they should sink slowly to the bottom, remaining clear 
and transparent, until, after gently inclining the tube two or 
three tiices, they become opalescent. When contaminated 
with only a few per cent, of the above adulterations, the drops 
lose their transparency, and hecome opalescent, as soon as they 
fall into the water. 



PLTTMBI . 
PLUMBUU ACETIOUM. 
Acetate of Lead. Sugar of Lead. Plwmbie Acetate. 

Colorless, transparent, brilliant prisms or plates, or, as gen- 
erally met with, heavy, compact crystalline masses, somewhat 
resembling loaf-sugar, having an acetous odor and a sweet, 
astringent taste ; they contain three molecules (14.21 per cent.) 
of water of crystallization, and effloresce slowly and absorb ear- 
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boiiie iUiid when exposed to the air ; they become black whtn in 
contact with gaseous or dissolved hydrosulphuric acid. When 
gently heated, plumbic acetate fuses at 75,5° C, loses water 
and acetic acid, and is decomposed at a higher temperature, 
leaving a blact residue, which is reduced, at a red heat, to 
plumbic oxide or to metallic lead. 

Plumbic acetate is sohible in about two parta of cold, and 
in half its weight of boiling, water, and in eight parts of alco- 
hol, but insoluble in ether and in chlorofonn ; its solution in 
water has generally a slightly turbid appearance from traces of 
plumbic carbonate, which, however, disappeai-s upon the addi- 
tion of acetic acid ; the aqueous solution has a feeble acid reac- 
tion, forms white precipitates with the alkaline hydrates (solu- 
ble in excess of potassium and sodium hydrates), with the alka- 
line carbonates, and with sulphates and chlorides, a yellow one 
with iodides, and a blact one witli hydrosulphuric acid and 
with sulphides. When completely precipitated by sodium 
chloride, the colorless filtrate will assume a deep-red tint with 
a few drops of solution of ferric chloride. 



CalGiuTTh and hariv/m acetates may be detected, in a solution 
of 20 grains of the plumbic acetate in one ounce of warm wa- 
ter, by precipitating it with 20 drops of concentrated hydro- 
chloric acid ; the liltrate is completely precipitated with hydro- 
sulphuric acid, is filtered, and then over-saturated with sodium 
carbonate, and gently wanned ; a white turbidity would indi- 
cate calcium or barium salts. 

Oopp&f is indicated by a blue coloration' of the solution of 
plumbic acetate, when precipitated with aqua ammonise. 



PI-TJMIBI < 

PLUMBI SUBCARBONAS. PLUMBUM CARBONICUM. CERUSSA. 
Carbonate or Suicarionafe of Lead. White Lead, Basic Flumbio Gar- 

A heavy, white, opaque powder, or friable lumps, which 
are blackened by iiydrosulphuric acid. Heated upon charcoal, 



by Google 



280 MANUAL OF CHEMICAL ANALYSIS. 

before the blow-pipe, plumbic carbonate turns yellow, fuses, 
and is finally reduced to soft, malleable metallic globules. It is 
insoluble in pure water, but somewhat soluble in water contain- 
ing much carbonic acid or alkaline biearbonates ; it is wholly 
dissolved, with effervescence, in diluted acetic and nitric acids, 
rendering colorless eolations, of a sweet, astringent taste ; these 
solutions yield white precipitates with dilute sulphuric and hy- 
drochloric acids, and with soluble sulphates and chlorides ; 
they also give a white precipitate with liquor potassse or sod^e, 
soluble in an excess of the precipitant, a yellow one with potas- 
sium iodide, and a black one with hydroanlphuric acid. 

ExaminEttion : 

Admixtures of iarium, calcium, and fhirrAio sulphates, 
remain behind, upon solution of the white lead in dilute nitric 
acid. Their quantity may be ascertained by dissolving 100 
grains of the sample in a sufficient quantity of warm diluted 
nitdc acid, and by collecting and washing the insoluble residue 
upon a tared filter ; when .completely dfy, the weight indicates 
the percentage of such admixtures. 

If the nature of the admixture has to be ascertained, the 
residue is transferred to a flask, and is digested, for some days, 
with occasional agitation, with a solution of ammonium sesqui- 
carbonate; if plumbic sulphate be present, it is decomposed, 
and plumbic carbonate formed ; as an evidence of tlie presence 
of the former, part of the supernatant liquid may be acidulated 
with nitric acid, and tested with barium nitrate for sulphuric 
acid. 

Admixtures of calovum carbonate ov phosphate, iarium Car- 
honate, and oxide of ^ino, are more or less soluble in nitric 
acid. In order to detect and to distinguish them, the nitric- 
acid solution of the sample is freely diluted with water, and ie 
subsequently saturated and completely precipitated with hydro- 
sulphuric-acid gas ; it is then filtered, and warmed, to expel 
the excess of gas, and a small portion of the solution is over- 
saturated with sodium carbonate ; an ensuing white precipi- 
tate will eontirm the above admixtures ; in order to ascertain 
their nature, the rest of the solution is nearly neutralized with 
a few drops of liquor sodfe and then tested, in separate por- 
tions, with solution of calcium sulphate for barium, with oxalic 



by Google 



PLUMBUM. 2SX 

acid, after previous addition of a little sodium acetate, for ea^ 
ci/am,, and by addition first of sodium acetate and subsequently 
of ammonium sulphydrate, for sine. 



PLUMBUM lODATUM. 
Iodide «f Lead. Plumiie Iodide. 

A bright-yellow, heavy, inodorous powder, when obtained 
by precipitation, or shining, golden-yellow, flexible scales, when 
crystallized ; when heated in a dry test-tube, plumbic iodide 
turns red, and fuses to a thick reddish-brown liquid, which 
congeals, on cooling, to a yellow mass ; at a stronger heat, it ia 
decomposed, with the evolution of violet vapors ; and when 
heated with exsiccated sodium carbonate, on charcoal, before 
the blow-pipe, it is entirely reduced to metallic globules. 

Plumbic iodide is soluble in about 1,250 parts of cold, and 
194 parts of boiling, water, and also, to a slight extent, in alco- 
hol ; a hot saturated aqueous solution, on cooling, deposits the 
salt in brilliant yellow scales ; it ia readily soluble in acetic 
acid, in liquor potassee or sodse, in concentrated solutions of the 
alkaline or earthy iodides, in warm solution of ammonium 
chloride, and in solution of sodium hyposulphite, from all 
which solutions hydro sulphuric acid precipitates black plum- 
bic sulphide. 

When shaken in chlorine-water, plumbic iodide suffers par- 
tial decomposition, and yields a filtrate from which chloroform 
or carbon bisulphide will extract iodine, with a red color. 
When boiled with solutions of alkaline or earthy carbonates, it is 
decomposed, forming iodides and plumbic carbonate. When 
boiled with granular or powdered iron or zinc, plumbic iodide 
is likewise decomposed, forming soluble iron or zinc iodide and 
metalKe lead. 
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PIitniBI N1TS.AS. 

PLUMBUM NITRICUM. 

Nitrate of Lead, I'lumbic Nitrate. 

Colorless, transparent or opaque, anhydrous, octaliedral 
crystals, permanent in the air. Heated in a dry test-tube, the 
crystals deflagrate, emit yellow nitrons vapors, and leave a resi- 
due of plumbic monoxide. 

Plumbic nitrate is soluble in Ti parts of cold water, hut less 
soluble in alcohol. Its aqueous solution is neutral, has a sweet, 
astringent taste, and gives a white precipitate with sulphuric 
or hydrochloric acid, and with solutions of sulphates or chlo- 
rides, a yellow one with potassium iodide, and a black one 
with hydrosulphuric acid. When triturated with concentrated 
sulphuric acid, and boated, the salt evolves red nitrous fumes. 

Examination ; 

Barium nitrate may be detected in the filtrate from the 
aqueous solution of the salt, after complete precipitation with 
hydrosulphuric acid, by over-saturating it with sodium carbon- 
ate; a white precipitate would indicate barium. 

Copper may be detected, in the aqueous solution of the salt, 
by completely precipitating it with sodium sulphate, and by 
testing the filtrate with an excess of ammonium hydrate, when 
copper will be indicated by a bluish color of the liquid. 



PLUMBI OXIDinil. 

PLUMBUM OXYDATUM FUSCUM. LITHABGYRUM. 

Oieide of Lead. Litharge. Fi-umbie Monoxide. 

Small scales or heavy masses, of a brick-red color and a 

foliaceous fracture, or a heavy powder of the same color, devoid 

of taste and odor. It fuses at a red heat, and, when heated 

upon charcoal, ia reduced to the metallic state. 

Plumbic monoxide is but sparingly soluble in water, im- 
parting thereto a feeble alkaline reaction ; it is soluble in 
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warm solutions of tte fixed alkaline hydrates, and in diluted 
nitric and acetic acids, without effervescence or residue; it 
slowly absorbs carbonic acid from the atmosphere, and contains 
the more carbonate the longer it has been exposed to the air ; 
from this cause, when very old, it hecomea more or less efferves- 
cent with acids. The nitric-acid solution of plumbic monoxide 
yields white precipitates with dilute sulphuric and hydrochloric 
acids, with solutions of sulphates and chlorides, and with the 
alkaline hydrates, which latter, ammonium hydrate excepted, 
redissolve the precipitate, when added in excess ; it gives a 
black one with hydrosulphuric aeid, and, when neutral, a yellow 
one with potassium iodide. 

Examinatioii : 

PluTnhic ea/rbonate and red oxide are detected, when a small 
quantity of tlie litharge is triturated with a little water, and 
the mixture is added, drop by drop, to concentrated nitric acid, 
in a test-tube; carbonate is recognized by effervescence ; red 
oxide by a brown residue, insoluble in an excess of acid, with 
gentle warming, but soluble upon the addition of a little oxalic 
acid or sugar ; if this residue, however, does not dissolve, an 
adulteration with powdered silicates, crude ferric oxide, etc., 
is indicated. 

Silicates are also indicated by a white turbidity or a iloceu- 
lent precipitate, occurring in the solution after the addition of 
the oxalic acid, in the preceding test. 

Oxides of sine and alkaline earths may be detected by mix- 
ing the nitric-acid solution with three times its volume of hy- 
dresnlphuric acid, or so much as completely to precipitate the 
lead ; the filtrate is evaporated to half its volume, and one por- 
tion of it is over-saturated with sodium carbonate ; an ensuing 
white precipitate would indicate oxides of zinc, calcium, or ba- 
rium ; the other part is neutralized with liquor sodffi, and tested, 
in separate portions, with sodium acetate, and subsequent addi- 
tion of hydrosulphuric acid, for ainc ; with ammonium oxalate 
for calcium, and with calcium sulphate for barium. 

Copper mid Sidphatea. — About 30 grains of the powdered 
litharge are digested, for one hour, with occasional agitation, 
in about half an oimce of a mixture consisting of equal parta 
of aqua ammonise and dilute solution of ammonium sesqui-car- 
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bonate ; a bluish tint, in the obtained iiltrate, would indicate 
copper, and a white precipitate, when slightly over-saturated 
with diluted nitric acid, and subsequently tested with baiium 
nitrate, would show sulphate. 

Metallic Lead. — About 30 grains of the litharge are digested 
in a test-tube, with occasional agitation, for half an hour, with 
a solution of plumbic nitrate ; a few drops of the decanted 
liquid are then introduced into a little water, to which previ- 
ously have been added a few drops of sulpliuric-acid mucilage 
of starch, and a few drops of solution of potassium iodide. If 
the sample contains even traces of metallic lead, this gives rise 
to the formation of plumbic nitrite, which will decompose the 
potassium iodide, with the liberation of iodine, which at once 
produces a blue color with the starch. 



PLUHBI OXIDTjm RUBRtrai. 
PLUMBUM OXTDATUM RUBRUM. MINIUM. 



A heavy, orange-red powder, which becomes dark when 
heated, but regains its original color on cooling. Heated upon 
charcoal, before the blow^-pipe, it fuses, and is reduced to me- 
tallic globules. "Warm diluted nitric or acetic acid will dis- 
solve red oxide of lead only partially, leaving a brown residue, 
which is soluble, however, upon the addition of a little oxalic 
acid or sugar, A slight remaining turbidity, of a whitish as- 
pect, is due to silicic acid, with which red oxide of lead is gen- 
erally more or leas contaminated ; any insoluble red or brown 
residue, however, would indicate impurities. 

The impurities and admixtures which red oxide of lead ia 
liable to contain, and the methods of detecting them, are the 
same as mentioned and described under litharge, on the pre- 
ceding page. 
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FOTASSQ ACETAS. 

POTASSIUM SEU KAI.tUM ACETICUM. 

Acetate of Potaaaium. JPotaasium Acetate. 

A snow-white, very deliquescent salt, of a foliaceous or 
fibrous satiny appearance, unctuous to the touch, and of a 
wai'Ki, pungent, saline taste ; it fuses at about 280° 0,, and 
is decomposed at a higher temperature, leaving behind a mix- 
ture of carbon and potassium carbonate. 

Potassium acetate is soluble iu its own weight of cold water, 
in 4 parts of alcohol, and in 3 parts of glycerin ; its dilute aque- 
ous solution assumes a deep red color with one or two drops 
of solution of ferric chloride, and renders a white granular pre- 
cipitate with solution of sodium bitarti'ate or of tartaric acid. 
Potassium acetate disengages the vapor of acetic acid with con- 
centrated sulphuric acid, and the vapor of acetic etlier when 
heated with a mixture consisting of equal parts of alcohol and 
sulphuric acid. 

Examination : 

Metals are detected in the aqueous solution by a dark 
coloration or precipitate with hydrosulphuric acid ; if such 
reaction talies place, the solution of the salt may be acidulated 
with a few drops of hydrochloric acid, and tested with potas- 
sium ferrocyanide ; ooiyper will be indicated by a reddish 
coloration, iron by a blue one. 

Tiwi/raies, sulphates, and chlorides, are indicatsd by the 
oceuri'ence of a turbidity when a concentrated aqueous solution 
of the salt is dropped into strong or absolute alcohol ; the latter 
two are also recognized in the diluted solution, acidulated with 
nitric acid, by white precipitates when tested in separate por- 
tions with argentic nitrate and barium nitrate respectively. 

For Volumeirio Eatimation, see page 58. 
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POTASSn BICAKBONAS. 

POTASSIUM SEU KALIUM EICARBONICUK 
Sicarhonate of Potasaium. Potanium Bicarbonate. 

Transparent, colorless crystals, having the form of irregu- 
lar eight-sided prisms with two-sided summits ; they are per- 
manent in the air, hut, when exposed to a red heat, they lose 
30.T per cent, of their weiglit, comprising half their quantity 
of carbonic acid and the whole (6 molecules, or 9 per cent.) 
of their water, and return to the state of carbonate. 

Potassium bicarbonate dissolves in 4 to 5 parts of cold 
water, forming a slightly alkaline solution which effervesces 
with acids and evolves carbonic-acid gas when heated to boil- 
ing ; it gives a white granular precipitate with excess of tar- 
taric acid, but no precipitate with magnesium sulphate unless 
when heated. It is almost insoluble in alcohol. 

One drachm of potassium bicarbonate requires for e^act 
saturation 43 grains of citric, or 45 grains of tartaric, acid. 

For YolAimetric Estimation, see page 58. 

jExamination : 

Ca/rhonate may be detected in the cold aqueous solntion by 
means of magnesium sulphate, and in another portion by mer- 
curic chloride ; a white precipitate with the first reagent, solu- 
ble upon addition of ammonium chloride, and a brick-red one 
with the second, would indicate carbonate. 

Other Impurities. — The aqueous solution is slightly over- 
saturated with diluted nitric acid ; a white turbidity, occurring 
immediately or after a while, would indicate siUoates ; the 
solution, if necessary, is filtered, and tested in separate portions 
with argentic nitrate for chloride, and with barium nitrate for 
svlphate ; a white turbidity with argentic nitrate, gradually 
turning dark, would indicate potasdum hyposulphite • in this 
case, as a confirmatory test, 10 grains of the potassium bicarbo- 
nate may be dissolved in one drachm of water, and the solution 
slightly over-saturated with acetic acid ; then a few drops of 
muciiage of starch, and subsequently of solution of iodinized 
potassium iodide, are added drop by drop ; the first drops of 
the latter reagent should at once produce the blue reaction, 
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wiich will Tiot talie place immediately if pot^sinm hj'posul- 
phite be present in the salt. 

Metals are detected by testing two portions of the solutioo 
of potassium bicarbonate, one of which is over^aturated by 
means of acetic acid, with hydros ulphurie acid : a dark reaction 
in either instance would indicate the presence of metallic im- 
purities ; if hyposulphite be present, a white turbidity will 
take place in the acid solution. 



FOTASSn BICHBOmAS. 

KALIUM CIIROMICUM 

Bichromate of PotaKiium. Potassium Mchromate, 

Large, transparent, orange-red, four-sided, tabular crystals, 
anhydrous and permanent in the air ; exposed to heat, they 
fuse below redness, and are decomposed at a red heat with the 
evolution of oxygen, leaving a residue consisting of green 
chromic oxide and yellow potassium chromate ; these may be 
separated by dissolving the latter in water. 

Potassium bichromate is soluble in 10 parts of cold, and in 
2^ parts of boiling, water, yielding an intensely orange-yellow 
solution, with a cooling, bittor taste, and an acid reaction ; the 
solution becomes lemon-yellow with the alkaline hydrates and 
carbonates, and green or almost colorless, with the formation 
of a brown precipitate, when heated with reducing agents ; it 
forms insoluble colored bichromates and chromates with the 
solutions of most metallic salts. When heated with concen- 
trated hydrochloric or sulphuric acid and a little alcohol, a 
vehement reduction takes place, and the liquid acquires a deep 
green color. A concentrated solution of the salt gives a white, 
granular precipitate with a concentrated solution of sodium 
bitartrate. 

Examination : 

Sulphate may be detected by heating to boiling a mixture 
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of the aquGona solution with an equal volume of concentrated 
hydrochloric sicid and a few drops of alcohol ; when suhaequent- 
ly diluted with water and tested with barium chloride, a white 
precipitate will ensue if sulphate be present. 

Chloride may be detected when the aqueous solution of the 
salt is mixed with about one-third of its volume of concentrated 
Bulphnrie acid, and when afterward a little alcohol is added; 
the mixture will become green, with spontaneous ebullition ; it 
is then heated, and subsequently diluted with water, and tested 
with argentic nitrate for chloride. 



POTASSn BITARTRAS. 



Bitartrate of Potassium. Cream ofTartm: Potassium Mtartrate. 

"White, semitrana parent, hard, prismatic crystals, or aggre- 
gated groups of crystals, or a white, gritty powder, permanent 
in the air, and having a spec. grav. of 1.97, a sour taste and an 
acid reaction. "WTien exposed to heat, in a porcelain crucible, 
pota^ium bitartrate is decomposed, with the evolution of empy- 
reumatic, inflammable vapors, leaving a black reaidue of carbon 
and pure potassium carbonate ; this residue, when dissolved in 
a little water, gives a filtrate which effervesces with acids, and 
forms a white, granular precipitate with an excess of tartaric 
acid. 

Potassium bitartrate is soluble in from 18 to 30 parts of 
boiling water, in about 200 parts of water of 15° C, and in ZHO 
parts of water of 10° C. ; ifc is insoluble in alcohol, but dis- 
solves wholly in hydrochloric acid, in dilute solutions of the 
alkaline hydrates and carbonates, of boracic acid, and of sodi- 
um biborate. 

Examination ; 

Insoluble admixtures (like t&rra alba, and similar crude 
adulterations) are indicated by a residue left when small sam- 
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pies of the powder are dissolved separately in warm, dilated 
liquor potassaa, and in dilute hydrochloric acid. 

Sulphates and chlorides are detected by agitating about one 
drachm of the salt in one ounce of warm water, and by testing 
portions of the clear liquid, when cool, and after tlie addition 
of a few drops of nitric acid, with barium nitrate for sulphates, 
and with argentic nitrate for chlorides. 

Alum. — An adulteration of powdered cream of tartar with 
alum is at once indicated by a greater solubility of the salt in 
water, by its intumescence npoii incineration, and by the in- 
complete solubility of the fused residue in water, as also by the 
odor of ammonia, and the production of white fumes from a 
glass rod, moistened with acetic acid, when the powder is heated 
in liquor potassEe, and by the fonnation of a white precipitate, 
when a few drops of this alkaline solution are allowed to i'all 
into a dilute solution of ammonium chloride. 

Metals may be detected in the rest of the solution of the 
preceding test, by hydrosulphuric acid. 

Oatcium and iron salts are detected when about 10 grains 
of the salt are dissolved in one ounce of aqua amraoniEe, by test- 
ing the solution, in two portions, with oxalic acid and with 
ammonium sulphydrate ; a white precipitate with the former 
will indicate salts of calcium, and a dark coloration or tm-bid- 
ity with the latter reagent, iron. 

The presence of calcium salts in potassium bitartrate, if it 
be free from aluminium salts, may be confirmed by dissolving 
five grains of the potassium bitartrate, with five grains of crys- 
tallized sodium carbonate, in about four drachms of boiling 
water ; a complete and clear solution must take place, as a re- 
maining white turbidity would prove the presence of calcium 
salts. 

Iron salts may be confirmed, in a hydrochloric-acid solution 
of the salt, by a blue reaction with potassium ferropyanide. 

For Volumetric Estimation, see page 58. 
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POTASSn BBOmiDtTia. 

POTASSIUM SBU KALIUM BEOMATUM. 
Bromide of Potamvwm. Fotamiwm Bromide. 

Anhydrous, colorless, serai transparent, cubical crystals, 
sometimes elongated into prisms, or flattened to plates, permar" 
neut in the air, and of a spec. grav. of 3.415 ; when exposed to 
heat, they decrepitate, and fuse at a Httle below a red heat, 
without decomposition. When a few grains are triturated and 
subsequently heated, in a dry tube, with a little potassium bi- 
Bulphate, yellowish-red vapoi^ of bromine are evolved. 

Potassium bromide is soluble in about three parts of cold, 
and in its own weight of boiUng, water, but only sparingly in 
alcohol ; its aqueous solution has a strong saline taste, is neu- 
tral, and, when dropped into a very dilute solution of argentic 
nitrate, causes a yellowish- white curdy precipitate, which ia 
insoluble upon addition of nitric acid, hot soluble in an excess 
of ammonium hydrate (distinction from, ai^entic iodide) ; when 
dropped into a very dilute solution of mercuric chloride, no 
reaction takes place (additional distinction from potassium 
iodide) ; it gives a white, granular precipitate with a saturated 
Bolution of sodium bitartrate. 

Potassium bromide and its solution may also be distin- 
[ from the iodide by adding to the solution a little 
8 of starch, and subsequently a few drops of chlorine- 
water ; the solution of bromide becomes light yellow ; that of 
iodide will at once assume a deep-blue color. 

Examination : 

Moisture which may be contained in the crystals, as well 
88 in the granular form of the salt, is recognized, and may be 
determined, by the loss of weight when the salt is dried at 
about 80° 0. 

Potassium cwrbonate is detected by a white turbidity occur- 
ring upon the addition of a little of the concentrated solution 
of the salt to lime-water. 

Sulphates may be detected, in tlie aqueous solution, acidu- 
lated with a few drops of diluted nitric acid, by a white precipi- 
tate with barium nitrate. 
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I hromate is detected by a red color enetiing upon 
the addition of concentrated hydroehioric acid to the aqueous 
solution of the salt. 

Potassium and sodium chlorides are distingiiislied from po- 
tassium bromide, and may be recognized by adding some chlo- 
rine-water to the aqueous solution of the salt ; if this is bromide, 
the mixture assumes at once a yellow color, which, however, 
will be caused to disappear from the aqueoue solution, and be 
completely talien up, by chloroform, etlier, or carbon bisulphide, 
when agitated with the eolution. None of these reactions will 
take place with potassium or sodium chloride. 

If an admixture of potassium chloride, or other salts, be sus- 
pected, the purity of the sample may be ascertained by preparing 
a solution of 10 grains of the dry, crystallized salt in one ounce 
of water, acidulated with a few drops of diluted nitric acid, and 
completely precipitating it with a solution of argentic nitrate ; 
the precipitate is collected upon a moist double filter, both be- 
ing of the same paper and the same size, is washed, dried, and, 
when completely dry, weighed, the one filter serving to coun- 
terpoise the other one, which contains the precipitate. If the 
salt was pure potassium bromide, the obtained argentic bro- 
mide should weigh 15.77 grains ; if it contained potassium or 
sodium chloride, the weight will be greater in proportion to 
the amount of those admixtures, since their molecular weights 
are higher; 10 grains of potassium chloride, for instance, would 
give 19.21 grains of argentic chloride. 

The same test may also be used to indicate the purity of the 
bromide, by ascertaining the quantity of argentic nitrate re- 
quired to precipitate completely a certain weight of potassium 
bromide, 10 grains of which require 14,3 grains of argentic 
nitrate for precipitation. 

An additional and sensible mode of detecting an a<lmixtnre 
of chlorides is the following ; One drachm of the potassium 
bromide is triturated with one drachm of potassium bichro- 
mate, the powder is introduced into a small flasJt, and six fluid- 
drachms of concentrated sulphuric acid are added. The mix- 
ture is then submitted to distillation at a gentle heat ; the de- 
livery-tube leads into about one fluidounce of acjua ammoniee 
fortior, contained in a test-tube which is kept cool in ice-water 
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(Fig. 80). Bromino distils over, and is dissolved by the ammo- 
mum hydrate without color; hut, if chlorides are present, 
ehloro-bromic acid is produced, distils over, and forma yellow 




ammonium chromate, which imparts a yellowish color to the 
aqua ammoniEe, and indicates the presence of chlorides. 
For Volumetric Estimation, see page 62. 



POTASSn CAEBONAS CRTJDA. 

POTASSIUM SEU EALIUM CARCONICUM CRUDUM. 

Crude CarbowiU of Potassium. Pearlask. 

"White masses, or a coarse granular powder intermingled 
■with smaller lumps, somewbat deliquescent, and of a burning, 
alkaline taste. Water extracts from pearrasii the potassium 
carbonate and hydrate, and the soluble impurities, the greater 
part of the impurities remaining behind (sulphates, chlorides, 
silicates, phosphates, and carbonates of potassium, sodium, cal- 
cium, and aluminium); the filtered solution effervesces with 
acids, and renders a white, granular precipitate with an excess 
of tartaric acid. 
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tained in the p 

When the quantity of carhonate hf 
may be done by testing 50 or 100 grs 
the method described on page 60. 



The examination of pearlash consists 
in the determination of the quantity of 
Bohible alkaline carbonate and hydrate, 
or the available potassium oxide. 

Approximate Egtiinatloii : 

Three and a half drachms of commer- 
cial pearlash, when Buceessively exhausted 
with from four to six ounces of warm 
water, render a solution which must neu- 
tralize at least two drachms of sulphuric 
acid of 1.843 spec. grav. 

Volumetric Estimatioa : 

Five grammes (77.170 grains) of the 
pearlash are completely exhausted with 
two or three fluidounces of tepid water ; 
the solution is collected in a beaker-glass, 
is colored blue with a few drops of neutral 
litmus-solution, and heated to near boil- 
ing ; then oxalic-acid test-solution (page 
56) is carefully added from a burette (Fig. 
81), with constant stirring, until the blue 
tint begins to appear violet ; the liquid is 
heated once more to boiling, and, if ne- 
cessary, test-aolntion is once more added, 
drop by drop, until the violet tint appears 
again distinctly. The number of cubic 
centimetres of the test-solution used, 
when multiplied by 0.472, gives at once 
the percentage of potassium oxide eon- 



to be determined, this 
as of the pearlash by 
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POTASSH CARBON AS DEPURATA. 

POTASSIUM SEU EALIUM CAEI50NICUU DEPURATUM. 
Fw-ified Cwr'bonate o/Fotassium. Purified Pea/rlash. 

A coarse, granulaj:, white, salt-powder, permanent in i^ry, 
deliquescent in moist air ; heated in a flame, it conimnnicatea 
to it a violet color. Purified pearlash is soluble in nearly an 
equal weight of water, forming a strong alkaline solution 
which frequently appears slightly turbid, and deposits gradn- 
ally a floeculent or gelatinous sediment of silicic acid ; it ia 
soluble in alcohol ; its aq^ueous solution is decomposed by acids 
with eiferveseence ; it gives a white precipitate with argentic 
nitrate, and also with magnesium sulphate, and a white granu- 
lar one with an excess of tartaric acid. 

Purified peai-Iash contains about 80 per cent, of potassium 
carbonate, and not more than 15 to 18 per cent, of water. 

For Volume^o Estimation, see page 58. 

Examination : 

Potassium hyd/i-ate is indicated in the solution of the salt, 
by a grayish or brownish precipitate, instead of a white one, 
with argentic nitrate ; it may be approximately estimated by 
agitating 100 grains of the dried salt with about half a Auid- 
ounce of absolute alcohol ; the mixture is then filtered, the 
residue upon the filter washed with one fluid-drachm of alco- 
hol. And the entire liltrate evaporated to complete dryness in a 
tared porcelain capsule; the weight of the residue indicates 
the percentage of potassium liydrate. As an evidence of the 
absence of carbonate in the residue, one drop of acetic acid 
may be allowed to fall upon it ; effervescence would indicate 
cai'bonate. 

Foreign Salts. — 100 gi-aina of the purified potassium car- 
bonate are dissolved in two drachms of water in a test-tube ; 
the solution should be complete and limpid, or nearly so ; it ia 
diluted with an equal volume of water, filtered, and over-satu- 
rated witii hydrochloric acid ; a gelatinous precipitate after a 
time would indicate dUoio acid; the liquid ia then filtered, 
and part of the filtrate over-saturated with aqua ammonite ; 
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a white turbidity would indicate aluminvu/m salts I the other 
part of the filtrate is tested with barium chloride for sulphate. 

OMoride and pho^kate may be detected in the diluted so- 
lution of the salt, over-saturated with nitric acid, by testing it 
in two portions, with argentic nitrate for chloride, and by 
over-saturation with aqua ammoniEe, and subsequent addition 
of aramoniated magnesium sulphate, for phosphate. 

Sulphite and hyposut^hite are detected in the filtered solu- 
tion of tlie salt, slightly over-saturated with acetic acid, by add- 
ing a few drops of mucilage of starch, and subsequently two 
or three drops of diluted solution of iodinized potassium iodide ; 
the first drop of the latter solution should produce a blue reac- 
tion at once, which will not occur before the addition of several 
drops if the above impurities are contained in the salt. 

Sodi/tim ea/rbonate may be detected by a white, crystalline 
precipitate, occurring at once or after some time, when a hot 
diluted solution of the potassium carbonate is nearly neutral- 
ized with acetic acid, and subsequently tested with potassium 
antimoniate. 

MetcMie impurities are detected in the filtered solution of 
the salt, by dividing it into two parts, one of which is over- 
saturated with hydrochloric acid ; both are then mixed with 
twice their volume of hydrosulphuric acid ; any immediate re- 
action in either of the fluids would indicate metals. 



FOTASSII CABBONAS PTJRA. 

POTASSIUM SEU KALIUM CARBONICUM PTJRUM. 

Pure Carbonate of Potoievam, Salt of Tartar. Potassium Carbonate. 

A white, deliquescent, granular powder, wholly soluble in 
an equal weight of water, forming a limpid alkaline liquid, 
which effervesces with acids, and gives a white, crystalline pre- 
cipitate with an excess of tartaric acid. "When exposed to a 
red heat, dry potassium carbonate loses about 16 per cent, of 
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its -weigbt. One drachm of the dry carbonate requires for 
saturation 55.88 grains of citric, and 54.T8 grains of tartaric 
acid. 

For Volumetric Estimation, see page 58. 



Bicarbonate.— Z\ drachms of the carbonate are dissolved in 
4 fluid-draclims of water, aided by dipping tlie test-tube in 
hot water ; the solution should be clear and complete, and re- 
main so after cooling; the separation of a crystalline deposit 
would indicate potassium bicarbonate. 

Purified pewdaah. — Part of the obtained solution is slightly 
over-saturated with diluted nitric acid, and allowed to stand in 
a corked test-tube for several hours ; an ensuing gelatinous 
precipitate would indicate siUnie acid; the solution, after fil- 
tering, if necessary, is then tested in separate poi'tions, with 
argentic nitrate for chloride, and witli barium nitrate for sul- 
phate, which impurities would indicate the admixture or sub- 
stitution of purified peai'lash. 

Metals. — Part of the solution is tested with livdrosulpliuric 




acid in two test-tubes, the one after over-saturation with di- 
luted nitric acid. An ensuing dark coloration or precipitate 
in either of the fluids would indicate metals. 
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potassium nitrate. — The remainder of the concentrated so- 
lution of the salt is over-saturated with dilated sulphuric acid ; 
the clear solution is decanted after a while, and divided into 
two parts, one of which is mixed with a little ferrous sulpliate 
and then transferred, by means of a pipette, upon concentrated 
sulphuric acid in a test-tube (Fig. 83) ; an ensuing purple or 
brown coloration, at the junction of the two strata of the 
liquids, would indicate nitrate ; the other part is tinged a 
faint blue with sulphuric-acid solution of indigo, and heated; 
decoloration would eoniirm the presence of niti-ate. 



POTASSn CHLOBAS. 

POTASSroM SEU KALIUM CHLORICUM. 
Chlorate of Potassvum. Potamium, Chlorate. 

Colorless, transparent, rhomboidal plates, of a pearly lus- 
tre, anhydrous, and permanent in the air, and of a spec. grav. 
of 2.35 ; when thrown upon burning charcoal they deila- 
grate, as they also do more or less violently when triturated 
or heated with readily-eombastible substances, as sulphur, car- 
bon, phosphorus, etc. Potassium chlorate fuses at 334° 0., 
and afterward gives oiF oxygen, until at 352° 0. it h^ parted 
with the wliole of it (39.2 per cent, by weight), leaving behind 
potassium chloride (60.8 per cent.). "When a little sulphuric 
acid is dropped on the crystals of the chlorate, they become 
first yellow and then orange-red. 

Potassinm chlorate di^olves in 16.7 parts of water at 15° 
C, in about 2J parts of boiling water, and in 120 parts of al- 
cohol of 0,835 spec. grav. Its saturated aqueous solution has 
a cooling, saline, sHghtly acerb taste, and, when, mixed with 
concentrated hydrochloric acid, produces a deep greenish-yel- 
low coloration, with the evolution of chlorine gas. "When a 
few drops of a concentrated solution of potassium chlorate, and 
subsequently a little concentrated sulphuric acid, are added to 
a little of a dilute solution of anilin sulphate, upon a watch- 
glass, tiie mixture assumes a brilliant deep-violet color. With 
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solution of tartaric acid, the concentrated solution of potaasium 
chlorate gives a white granular precipitate. 

Examinatio]! : 

Potassium titrate. — A little of the powdered salt is heated 
in a porcelain crucible to a full red heat ; the residne, when 
cool, is dissolved in a few drops of water, and the solution 
tested -with turmeric-paper ; a brown discoloration of the paper 
would indicate an admixture of potassium nitrate. As a con- 
firmatory test, a few drops of the solution of the residue may 
be added to a solution of mercuric chloride; an ensuing red 
precipitate will eontirm the presence of nitrate. 

Potassium chloride and mxlphate are detected in the aque- 
ous solution, acidulated with a few drops of diluted nitric 
acid, by the occurrence of a white precipitate, in the case of 
the former with argentic nitrate, of the latter with barium 
nitrate. 

Most commercial potassium chlorate occasions a slight tur- 
bidity witli argentic nitrate. 



POTASSII HXDEAS. 



PwT& Cwmtvi Potash. Pota^a. Potassium Syd/rate. 

A white, opaque, granular powder, containing, when com- 
pletely dry, 23 per cent, of water, or, when fused, white, semi- 
transparent plates or cylindrical sticks, of a fibrous fracture, 
containing 16 per cent, of water of hydration ; exposed to the 
air, the salt absorbs water and carbonic acid, and gradually 
deliquesces. It imparts a red color to the flame. 

Potassium hydrate dissolves in less than its own weight of 
water, and also in alfiohol, with the evolution of lieat, and is 
slightly soluble in ether ; its solution has a soapy feel, a btum- 
ing, corrosive taste, and a strong alkaline reaction ; it gives a 
grayish-brown precipitate with argentic nitrate, soluble in am- 
monium hydrate, and precipitates from their solutions most 
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metallic oxides, several of -which are redissolved in an excess 
of the potassium hydrate ; it decomposes ammonium salts with 
the evolution of ammonia. 

For Yolurroetrio Estvmation, see page 58. 

Ezaminatioa : 

Potassium hydrate must render a clear and complete solu- 
tion when about 10 grains of it are dissolved in one ounce of 
alcohol ; a residue would indicate foreign salts. 

(Jarbonate may be detected when portions of a concentrated 
aqueous solution of the hydrate are dropped severally into acet- 
ic acid and into limo-water ; effervescence with the acid, and a 
white turbidity with the lime-water, would indicate carbonate. 

Nitrate is indicated by the disappearance of the bine color, 
on heating a little of the aqueous solution which has been 
mixed with an excess of diluted sulphuric acid, and tinted blue 
with one drop of sulphuric-acid indigo-solution. 

Okloride and eulphaie are detected in the diluted solution, 
over-saturated with dilute nitric acid, by testing it in separate 
portions, with argentic nitrate for chloride, and with barium 
nitrate for sulphate. 

Alumvni-mn salts and phosphoric aeid may be detected in 
the diluted solution, by means of aqua ammonias, and after fil- 
tering, if a precipitate be formed, by subsequent addition of 
ammoniated magnesium sulphate ; a white, gelatinous precipi- 
tate with the ammonium hydrate would indicate aluminium 
salts, and a white, crystalline one with the latter reagent, 
occurring at once or after several hours, 'phosphorio acid. 

Metals are detected by a dark coloration or turbidity of 
the solution, when mixed with an exce^ of hydrosulphurio 
acid, and subsequently over-saturated with an acid. 



FOTASSII KYDRAS CHtTDA. 
POTASSIUM SEU KALICM HYDRICUM CEUDUM. 
Crude Potash. 
Fused, heavy, compact masses, of a stony appearance, fract- 
ure, and hardness, of a soapy feel, burning, corrosive taste, and 
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a destructive action on vegetable and animal matters; its color 
is mostly greenish or brownish gray ; it is dcliciuescent, and 
rapidly absorbs water and carbonic acid. Heated to redness, 
it fuses, bnt remains unchanged ; at a very high heat it is vola- 
tile. 

Crude potash difSolveB, for the most part, in water and in 
alcohol, with evolution of heat, leaving a more or less consid- 
erable residue of impurities ; the decanted solution gives a 
grayish-brown precipitate witli argentic nitrate, soluble upon 
addition of aqua ammoniiB. 

The insoluble impurities of crude potash consist chiefly of 
carbonates, sulplmtes, silicates, chlorides, and ferric and man- 
ganic oxides. 

Examination : 

In order to ascertain the nature of the impurities, one ounce 
of the crude potash is triturated and dissolved in two ounces of 
tepid water, and the whole is allowed to subside in a conical 
gla^ measure ; two ounces of the clear solution are then mixed 
■with four ounces of strong alcohol, and the mixture allowed to 
stand for several hours ; the solution is then decanted from the 
precipitate, as far as practicable, and the latter dissolved in 
hot water ; when cool, this solution is filtered, and the insolu- 
ble residue washed with a little water, and preserved upon the 
filter for further examination. The obtained aqueous solution 
may be examined as follows ; 

Oarhonate and silicate are recognized, on dropping a little 
of the solution into a test-tube containing a mixture of equal 
parts of water and concentrated nitric acid ; the former will be 
indicated by efi'ervescence, the latter by a white, gelatinous tur- 
bidity, ensuing at once or after some hours. 

Sulphate and chloride may be detected, in separate portions 
of the solution, by over-saturating it with nitric acid, and sub- 
sequently testing with barium nitrate for sulphate, and with 
argentic nitrate for chloride. 

Sulphite and hyposulj>hite are indicated by the occurrence 
of an insoluble residue, when a portion of the solution is pre- 
cipitated with argentic nitrate, and the precipitate is redissolved 
by ammonium hydrate. 

JVitrate is detected, in a portion of the solution, after the 
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addition of an excess of sulplmric acid and one drop of snlpliu- 
ric-acid solution of indigo ; the blue tint wiil disappear upon 
warming, if nitrate te present. 

Phosphate may be detected by a wiiite, crystalline precipi- 
tate, when the solntion is mixed ■with an equal volume of aqua 
ammonise, and subsequently tested with magnesium sulphate. 

■MetalUe impurities are recognized by a dark coloration or 
precipitate, when both the alcoholic &olution and tho aqueous 
solution of the residue from the alcoholic one are tested sepa- 
rately with hydrosulphuric acid, and subsequently by over-satu- 
ration with hydrochloric acid. 

The residue left behind from the solution in alcoliol, and 
preserved upon the filterj is washed with a few drops of alco- 
hol, and then dissolved upon the lilter in so much diluted hy- 
drochloric acid as to render a neutral solution ; this is tested, 
in separate portions, with ammonium oxalate for calcium, and 
with barium chloride and a few drops of hydrochloric acid for 



POTASSII PEEROCTANIDUM. 

POTASSIUM SETJ KALIHM FERROCYAffATUM. 

Ferrocyanide of PotiMdum. Yellow Prussiate of Potassium. .Potassium 
Ferroeyanide. 

Large, transparent, yellow, tabular crj'stals, derived from 
an octahedron with a square base ; tley cleave with facility in 
a direction parallel to the base of the octahedron, liave a pecul- 
iar toughness and flexibility, contain three moleculfa (13,76 
per cent.) of water of crystallization, and are permanent in the 
air. "When moderately heated, they give off their water of 
crystallization, and are converted into a white powder, which 
is decomposed at a red heat, leaving a residue consisting of 
pot^sium cyanide, ferric oxide, and carbon. 

Potassium ferrocyanide is soluble in four parts of cold, and 
two parts of boiling, water, and insoluble in alcohol ; its solu- 
tion has a mild saline taste, gives a white, granular precipitate 
with a saturated solution of sodium bitartrate, and, when di- 
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luted, a tlue one with ferric, a brick-red one with eupric, and 
a white one with ferrous and with plumbic salts ; it is not acted 
upon by hydrosnlphuric acid, by tannic acid, nor by tlie alka- 
line hydrates and carbonates. 

Ezamioation : 

Foreign salts are indicated when the potassium feri'oeyan- 
ide does not yield acomplete and clear solution with four parta 
of water. 

Oa/rbonate is indicated by effervescence of the concentrated 
solution upon the admixture of acetic acid, or upon placing 
fragments of a crystal in diluted sulphuric acid. 

Sulphate is detected, in the diluted solution, acidulated with 
nitric acid, by a wliite turbidity witU barium nitrate. 

Chloride may be detected, when a mixture of 10 grains of 
the exsiccated salt with 30 grains of fused and powdered ammo- 
nium nitrate (free of chloride) is gradually introduced into a 
red-hot iron spoon, and lieated to near redness ; when cool, the 
wliole is dissolved in water, and the filtered solution over-satu- 
rated with nitric acid, and tested with argentic nitrate, which 
will indicate chloride by a white precipitate. 



POTASSII lODIDtTM. 

POTASSIUM SEU KALIUM lODATUM, 

Iodide ofPotamum. Potanvwin Iodide. 

Colorless, anhydrous, semitransparent or opaque crystals, 
cubical or sometimes elongated in form, permanent in dry, hut 
slightly deliquescent in moist, air, and having a spec. grav. of 
2.9. When exposed to heat, potassium iodide decrepitates, and 
fuses below a red heat ; on cooling, it solidifies into a crystal- 
line, pearly mass, without loss of weight, except humidity ; at 
a full red heat, it is slowly volatilized, without decomposition. 
When a few grains of the salt are heated in concentrated sul- 
phuric acid, or, in a dry test-tube, with a little potassium bisul- 
phate, violet-colored vapors of iodine are evolved ; and when 
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a few grains are dissolved in a little chlorine-water, and this 
shaken with half its volume of cliloroform or carhon bisulphide, 
these will acquire a purple or violet color. 

Potassium iodide dissolves in two-thirds of its weight of 
cold water, in 6^^ parts of alcohol, of 0.835 spec, grav., and in 
40 parts of absolute alcohol, forming solutions of an aci'id, sa- 
line taste, and feeble alkaline reaction ; the aqueous solution 
gives, with an excess of tartaric acid, a white, granular precipi- 
tate ; with argentic nitrate, a yellowish one, which is insoluble 
in diluted nitric acid, and almost insoluble in ammonium hy- 
drate, but becomes white with the latter ; and a vermilion- red 
precipitate with mercuric chloride, soluble in an excess of either 
the solution or the reagent ; it gives a violet-blue color with a 
little mucilage of starch, upon subsequent addition of a few 
drops of chlorine- water (distinction from potassium bromide 
and chloride), and a white, crystalline precipitate with a satu- 
rated solution of sodium bitartrate, 



Water, which may be contained as interstitial moisture in 
the crystals, is recognized, and may be quantitatively deter- 
mined, by the loss of weight upon drying a known weiglit of 
the triturated salt at about 80° C, 

Itripwities and Admixtwes. — In order to obtain for ex- 
amination an average representation of the iodide, several 
ounces of smaller and larger crystals are selected from tiie bulk 
of the salt, and triturated to a granular powder, part of which 
may serve for the following tests : One drachm of it is dissolved 
in one fluid-drachm of water ; the solution formed must be 
clear and complete, and remain so after the addition of 1|- 
fluidounce of strong or absolute alcohol ; an ensuing turbidity 
or crystalline deposit would indicate foreign salts (carbonate, 
sulphate, iodate, nitrate) ; if this precipitate is considerable, it 
may be collected upon a filter, washed with a few drops of alco- 
hol, and then dissolved in a few drops of warm water; the 
obtained solution may be tested for carbonate with turmeric- 
paper, or by allowing one or two drops of it to fall into con- 
centrated hydrochloric acid ; a brown coloration of the paper, 
and effervescence with the acid, will indicate the presence of 
carbonate; the rest of the solution is acidulated with a few 
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drops of bydrocMoric acid, and tested for sulphate with one 
drop of barium chlonde, and subsequently, for nitrate, by tinge- 
iiig it faintly with Bulphuric-acid indigo-sohition, and heating. 

Another method of ascertaining the presence of foreign salts 
in potastjium iodide, without determining their nature, consists 
in adding a solution of mercuric chloride to the solution of the 
iodide, the salts being taken in the proportion of four equiva- 
lents of potassium iodide to one equivalent of mercuric chloride ; 
iive grains of the former are dissolved in three ounces of water 
in a beaker-giass ; a solution of two grains of the latter salt in 
two ounces of water is then gradually added, with constant 
stirring, to the solution of the iodide ; if this be pure, its excess 
is just sufficient to redissolve all the mercuric iodide formed ; 
if impure, a deficiency of iodide will give rise to the appearance 
of a permanent precipitate of mercuric iodide before the whole 
of the mercuric solution is added, and this result will take place 
the earlie]', the less iodide and the more impurities are con- 
tained in the salt. 

Potasmmh iodate may be detected in the aqueous solution 
of the salt, by adding a few drops of mucilage of starch, and 
then a few drops of a concentrated solution of tartaric acid, 
insufficient to cause a precipitate ; if iodate be contained in 
the salt, a violet coloration of the liquid will occur at once. 
Or the aqueous solution, mixed with a few drops of concen- 
trated solution of tartaric acid, may be shaken with some chlo- 
roform, which will ^sume a red color when iodate is present. 

Iodate may also be recognized in potassium iodide \}'^ 
dropping a crystal of tartaric acid into a sti'ong solution of 
the iodide in previously boiled, distilled water, and allowing it 
to remain at rest for several minutes; if iodate be present, the 
crystal mil be enveloped after that time in a yellowish-white 
zone. 

Oa/rbonate may be detected by a white turbidity when the 
aqueous solution of the potassium iodide is mixed with twice 
its volume of lime-water. 

Sulphate may be detected in the diluted solution of the 
iodide, previously acidulated with liydrochloric acid, by a white 
precipitate with barium chloride. 

titrate may be detected in the aqueous solution, if the salt 
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be free from iodate, by adding a little eulphnric-acid i 
of starch, and by immeraiiig in the Hc[uid a thin piece or rod of 
bright zinc ; if any nitrate be present, the liquid will gradually 
become bide, the coloration issuing from the zinc. 

Chloride and bromide are detected by carefully precipitat- 
ing, with argentic nitrate, a warm, diluted, aqueous solution of 
the salt ; a Blight excess of aqua ammonise is then added, and, 
after agitation, the mixture is filtered, and the filtrate over-sat- 
urated with nitric acid ; since ammonium hydrate dissolvea 
only traces of argentic iodide, the transparency of the liquid 
must be not at ail, or only slightly, impaired ; a white turbidi- 
ty, subsiding to a precipitate, would indicate bromide or chlo- 
ride.* In order to distinguish these, the precipitate is collected 
upon a filter and washed with a little water, until this ceases 
to redden blue litmus-paper ; the filter is then pierced by a 
glass rod, and the precipitate rinsed into a test-tube ; after sub- 
Idence, the water is, as far as possible, decanted, and chlo- 
ne water added and f^itated with the precipitate ; since chlo- 
ne decomposes argentic bromide, dissolving the disengaged 
bromine with a yellow color, bromide will be recognized by a 
more or less deep yellow coloring of the fluid, while argentic 
chloride remains unchanged and without any action on chlo- 
rine-water. When chloroform or ether is then added to the 
fluid and agitated, it will absorb the bromine and the yellow 
color from the water. 

A confirmatory test for the recognition of bromide is, to 
add to a solution of the salt an excess of solution of cupric 
sulphate, and subsequently so much of a saturated solution of 
sulphurous acid as to impart its strong odor to the mixture ; 
the whole is gently warmed, filtered, and heated to boiling, in 
order to expel the sulphurous acid ; when cold, it is re-filtered 
if necessary, and the filtrate shaken with half its volume of 
chloroform, which, after subsidence has taken place,'will appear 
yellow if bromide is contained in the salt. 

* When a comparatirelj large quantity of potassium iadate is cantoned in Ihe 
iodide, argentic iodate is also formed in this test, and gives riee, upon the addiOon 
of the nitric acid, (o the fomiaOon of a white, yra^miar predpitate, which, how- 
ever, ia quite different in appearance from the curdy one of the argentic cbloride or 
bromide. 

20 
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A quantitative estimation of the purity of potassium iodide 
may be made by completely precipitating with argentic nitrate 
a warm Bolntiou of 10 grains of the salt in about one ounce of 
water ; after cooling and eubsideuee, the supernatant menstru- 
um is carefully decanted, so as to avoid any loss of the precipi- 
tate ; one fluid-drachm of aqua ammonia, diluted with two 
drachms of water, is then added to the precipitate, and, after 
agitation for a few minutes, this latter is collected upon a tared, 
moist filter, ia washed with a little water, and dried at a tem- 
perature not exceeding 80° C. If the potassium iodide was 
pure, 14.1 grains of argentic iodide should be obtained. 

For YohtMiietHo Estimation, see page 62. 



POTAasn NITBAS. 

POTASSIUM SEU KALIUM NITRICUK. 

Nitrate ofFotasdtim. Salpetre. Nitre. Potassium MCrate. 

Long, striated, six-sided, prismatic crystals, with dihedral 
summits, colorless and transparent, and of a spec. grav. of 3.0 ; 
or a white, granular powder, permanent in the air. "When 
thrown upon burning coals, it deflagrates with bright scintilla- 
tions, leaving an alkahne residue, which, when heated upon 
the looped end of a platinum wire, irapai-ts a red color to the 
flame ; exposed to heat, it fuses below redness. 

Potassium nitrate is soluble in water. 100 parts of which 
dissolve, at 0° C, 13.3 parts, at 18° C, 29 parts, and at 97° C, 
236 parts of the salt ; it is far less soluble in glycerin, and 
almost insoluble in alcohol; its aqneous solution ia neutral, has 
a cooling, saline taste, and forms a white, granular precipitate 
with concentrated solution of sodium bitartrate; a few drops 
of it mixed with a solution of ferrous snlphate, and carefully 
placed upon concentrated sulphuric acid CFig, 82, page 296), 
give rise to the foi-mation of a dark coloration upon the line 
of contact between the two fluids. 
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Chloride and sulphite are detected in the diluted solution 
of the salt by white precipitates when acidulated with nitric 
acid, and tested in two separate portions, with argentic nitrate 
for chloride, and with barium nitrate for sulpliate. 

Chlorate is indicated by a yellow coloration, and the evolu- 
tion of chlorine, when a concentrated solution of the potassium 
nitrate is mixed and gently warmed with an equal volume of 
concentrated hydrochloric acid. 

Galoium. and magnesium salts are detected by a white tur- 
bidity when the diluted solution is warmed with dilute solution 
of sodium carbonate ; they may be distinguished by adding a 
little aqua ammonice to tho dilute solution of tlie salt, and test- 
ing it, in separate portions, with ammonium oxalate for calcium, 
and with sodium phosphate for magnesium. 

Sodium nitrate may be detected by a white, crystalline pre- 
cipitate, occurring either at once or after several hours, when a 
concentrated cold solution of tlie salt is tested with a few drops 
of solution of potassium antimoiiiate, and then allowed to stand 
for six hours. 

If potassium nitrate contains even a few per cent, of sodium 
nitrate, it will havo a moist appearance, arising from the deli- 
quescent cliaracter of the latter salt. 



POTASSU PEHMANQANAS. 

POTASSIUM SEU KALIUM PERMANGANICUM SEU HTPERMAN^SANICnM. 

PerTTtanganate of PotaaHum. Potassiunt Permanganate. 

Slender, prismatic, dark purple crystals, of a metallic lustre, 
and permanent in the air ; they decrepitate when thrown upon 
burning coals, or when suddenly heated, and detonate with a 
flame when triturated with equal parts of sulphur, and heated 
to 177° 0. 

Potassium permanganate is soluble in 16 parts of cold, and 
2 parts of boiling, water, forming a deep purple solution, which, 
when highly diluted, is lilac-colored ; it is insoluble in alcohol 
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and in chloroform ; its solution has a sweet, astringent taste, ia 
neutral, and becomes yellowish brown when mixed and heated 
with alcohol. 

Since permanganic acid is readily reduced, the solution of 
the salt is decomposed and decolorized by most oi'ganic sub- 
stances, and by inorganic reducing agents — e. g., sulphurous, 
hydrosulpliuric, and oxalic acids, and all metallic subsalts. Po- 
tassium permanganate is, therefore, a powerful oxidizer, caus- 
ing more or less violent reactions with many substances, and 
the combustion of inflammable bodies. 



POTASSII EI SODII TARTRAS. 



Eoehelle Salt, Seignette Salt, Polassittm and Sodium Tartrate, 

Large, colorless, transparent, prismatic crystals, tlie laces 
of which are unequally developed, containing eight molecules 
(89.86 per cent.) of water of crystallization, and being slightly 
efSorescent. The salt occurs in commerce generally ground, 
as a snow-white powder. When heated in a porcelain capsule, it 
undergoes aqueous fusion, the water evaporates, and the salt is 
decomposed, with the evolution of inflammable vapore and the 
odor of caramel, whiie a blacJ: residue is left, which consists of 
a mixture of potassium and sodium carbonates with carbon, and 
which colors turmeric-paper brown, and imparts a yellow color 
to the flame when heated upon tlie looped end of a platinum 
wire. 

Potassium and sodium tartrate is insoluble in alcohol, but 
soluble in 2 to 2^ parts of cold, and in less than its own weight 
of boiling, water; tho solution is neutrul, has a mild, cooling, 
saline taste, and forms a white, granular precipitate with acids 
and with solutions of acidulous salts. 

For Volumetric Esti/mation, see page 58, 

Examination : 

Two drachms of the salt are dissolved in six drachms of warm 
water ; the solution should be clear and complete, and remain 
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BO after cooling; it should not act upon litmus-paper, nor effer- 
vesce upon addition of hydrochloric acid (evidence of the ab^ 
Bence of sodium carbonate or bicarbonate). 

Chlorides and sulpkat^es may be detected by a white precip- 
itate when the diluted solution of the salt, acidalated with 
nitric acid, is tested in two separate portions, with argentic ni- 
trate for the former, and with barium nitrate for the latter: In 
ease the solution separates granular potassium bitartrate upon 
the addition of the acid, sufficient hot water is added to redis- 
solve the precipitate before adding the reagent. 

Calcium salts are detected in the diluted solution, by means 
of ammonium oxalate. 

Metallic impurities are detected in the concentrated sola- 
tion by hydrosulphurie acid, and subsequent addition of a little 
aqua ammoniae. 

OrystaUised potassium and sodium tartrate, being in ap- 
pearance somewhat similar to crystallized borax and alum, and 
therefore liable to incidental mistake, may readily be distin- 
guished from either of these substances, in addition to its 
physical characters, by its taste, by its neutral reaction — alum 
being sour, borax alkaline, and by the black alkaline fuse 
upon incineration, while both borax and alum swell up to a 
porous mass, and yield a white or colorless fuse. 



POTASSn StJXPHAS, 

POTASSIUM SEU KALIUM SULPHURICUM. 

Sulphate of Potaesiura. Potassium Sulphate. 

Hard, colorless, transparent, short, six-sided prisms, termi- 
nated by six-sided pyramids, or a white, granuIaF- powder, an- 
hydrous, and permanent in the air, and having a spec, grav, of 
2.66; when heated, the crystals decrepitate strongly; the 'salt 
imparts a purple color to the flame. 

Potassium sulphate is soluble in about 12 pai'ts of cold, and 
4 parts of boiling, water, but insoluble in alcohol ; the solution 
has a saline bitter taste, is neutral, and forms white precipitates 
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with tartaric acid or Bodium titartrate, and with solutions of 
salts of calcium, harium, or lead. 

Examination : 

MetalUo impurities are detected in the warm aqueous solu- 
tion, by a dart coloration or turbidity, with an excess of hydro- 
sulphuric acid, and subsequent acidulation with hydrochloric 
acid. Potassium ferrocyanide should cause neither a blue 
{iroTi) nor a reddish {copper) reaction in the slightly acidulated 
solution. 

Sodium sulphate ie indicated by a greater degree of solu- 
bility in cold water than that above stated ; one drachm of 
the powdered salt, when dissolved in one fluidounee of boiling 
water, must, on cooling, give a crystalline deposit ; otherwise 
sodium sulphate, or the admixture of more soluble salts, is in- 
dicated ; in this case the diluted solution may be acidulated 
with nitric acid, and tested by means of argentic nitrate for 
chloride. 



POTASSn SULPHITRETUM. 



Sulpliuret of Futassium. Potasnwm Sulphide. 

Solid, fused fragments, of a yellowish-brown color, when 
freshly prepared or recently broken ; on exposure to the air 
they assume a greenisii appearance, and finally become of a 
dirty white, in consequence of gradual decomposition by the 
action of atmospheric moisture and oxygen, the sulphides be- 
ing successively converted, with the evolution of hydrogen 
sulphide, into hyposulphite, sulphite, and ultimately sulphate, 
Wlien moistened with acids, potassium sulphide evolves hydro- 
gen sulphide. 

Potassium sulphide, which is usually a variable mixture of 
higher potassium sulphides witli hyposulphite, sulphite, and 
sulphate, and with undecomposed carbonate, dissolves in 3 to 
4 parts of water, and also in alcohol, leaving behind in the 
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latter case the oxygen salts; these solutions liave an orange- 
yellow colorj a nauseous, alkaline, bitter taste, and the odor of 
hjdroSulphuric acid, which is abundantly evolved, with the 
separation of sulphur, npon the addition of acids; they- pre- 
cipitate naetallie sulphides i'roni the solutions of most of the 
metallic salts. 



poTASsn tahtkas. 

POTASSIUM SEU KALIUM TARTAKICUM. 
Tartrate of Fotaumvt. Potaadum, Tartrate. 

Colorless, semi-transparent, irregular, six-^ided prisms, with 
dihedral summits, or a white, granular powder, slightly deli- 
quescent. When heated in a dry test-tube, potassium tartrate 
melts, swells up, and is decomposed with the evolution of em- 
pyrenmatic vapors, leaving behind a mixture of carbon and 
potassium carbonate, wbich effervesces with acids, and imparts 
a red color to the flame. 

Potassium tartrate ia soluble in a little less than ite own 
weight of cold, and in half its weight of boiling, water, yield- 
ing a neutral solution, of a mild saline taste; it is but sparing- 
ly soluble in alcohol ; its aqueous solution ia decomposed by 
most acids and acidulous salts, forming, if not too dilute, a 
white, granular deposit of bitartrate. 

For Vohimeirio Satimation, see page 58. 

Examination : 

Potassium and Sodium Tartrate. — One drachm of the salt 
is shaken with 1^ drachm of cold water ; a clear and complete 
solution must take place, an incomplete solution_may indicate 
an admixture of Roehelle salts. This may be ascertained by 
reducing about one drachm of the potassium tartrate, by igni- 
tion in a porcelain crucible, to carbonate, and then testing the 
filtered solution of the residue by mixing it with an equal vol- 
ume of solution of potassium antimoniate :, the occurrence of 
a white, crystalline deposit, at once or after several hours' stand- 
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iiig, would prove an adnlteration with potassium and sodium 
tartrate. 

Bicarbonate, carbonate, and hitartfote, are recognized in the 
Eoltitioii of the saltj the two former by a white precipitate with 
calcium chloride in the cold, and by an alkaline reaction npon 
turmeric-paper ; tlie last by an acid reaction upon blue litmua- 
paper. 

Sulphate and chloride may be detected in the dilute solu- 
tion of the salt, when it is slightly acidulated with diluted ni- 
tric acid, and then tested, in separate portions, with argentic 
nitrate for chloride, and with barium nitrate for sulphate. 

MetaHio impwrities are recognized by mixing a concentrated 
solution of the salt with two or three times its volume of hy- 
drosulphurie acid, and by subsequent acidulation with acetic 
acid. Should a white, granular deposit of potassium bitartrate 
occur, the liquid is dihited with boiling water, or is warmed so 
as to redissolve t!ie precipitate. Any reaction with tlie hydro- 
sulphuric acid, before or after acidulation, would indicate me- 
tallic impurities. 



CHINISUM. CHINIUM. 
Quinine. Quinia. 

A white, granular powder, or smali, needle-liko crystals, 
containing 14.38 per cent, of water of crystallization ; perma- 
nent in the air; when heated, qainia fuses at about 196° 0., and 
upon cooling solidifies into a resin-like mass, yellow, translu- 
cent, and friable; at a higher temperature it is wliolly dissi- 
pated. 

Quinia dissolves in about 1,200 parts of cold, and 250 parts 
of boiling, water, and in about 2 parts of boiling alcohol, and 
in 60 parts of ether ; * it is also soluble in chloroform, and in 
benzol ; its solutions have a bitter taste, and a feeble alkaline 

• The solubility of quinia in ether differs according to the form of the alkaloid : 
ii. requires about 60 pacts when in the crjatallized state, but only about half timt 
quantity when it is aniorphoua ; foi- Instance, when one grain of quinia sulphate 
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reaction, and neutralize acids. Quinia is freely soluble in di- 
luted acids; these solutions exhibit an azure-blue fluorescence, 
caused by a change of the refrangibility of the invisible chem- 
ical rays. Concentrated sulphuric and nitric acids dissolve 
quinia without color. 

Solutions of quinia and its salts are precipitated by the al- 
kaline hydrates, carbonates, and bicarbonates, by calcium hy- 
drate, by tannic and picric acid, by potassium ferrocyanide, 
and by potassio-mercuric iodide. The precipitates with cal- 
cium, potassium, sodium, and ammonium hydrates, are redia- 
aolved by a great excess of the precipitant. 

Solutions of quinia and its salts render an emerald-green 
solution when dissolved in, or mixed with, chlorine-water, and 
afterward with an excess of aqua ammonias ; the green color 
passes into purple upon the subsequent addition of pota^iuin 
ferrocyanide ; this characteristic reaction is most strikingly 
exhibited when, to the solution of quinia in chlorine- water, the 
solution of potassium ferrocyanide is first added, and subse- 
quently tlie aqua ammonise. 

When a solution of quinia or its salts in acidulated water 
is precipitated with ammonium hydrate, and the turbid mix- 
ture is then divided into three portions in a,s many test-tubes, 
and these shaken severally with a little ether, chloroform, and 
benzol, the precipitate will be dissolved, and tlie liquids subside 
into two clear, coloirless strata in each test-tube. 

Estimatioa of the Alkaloids in Cinchosia-Sarka : 

The therapeutical value of the cinchona-barks is due to the 
alkaloids contained in the bark, and of which the principal ones 
are qumia, quinidia, dnchonia, and cinchonidia. The esti- 
mation of the commercial value, therefore, depends upon the 
determination of the quantity of these alkaloids, and in partic- 
ular of the first one, in a known weight of the bark ; and, from 
among the numeraus methods employed for this pm-pose, the 
following ones are simple and expeditious : 

is disBoWed in about ItS drops of acidulated water, and subsequently preoipilated 
witt fl([ua ammonlie, 10 grains of ether sufBce to redissoWe the alkaloid ; while nt 
least SB grains of ether will tie required for wiution, when tlio precipitate is allowed 
to etand for 24 hours, and hecome crystalline, [irevious to the iiddition of the ether. 
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I. From a large number of pieces of tlie bark, small frag- 
ments are cnt and reduced to a line powder, eo aa to represent 
as nearly as possible the average of the bark to be examined ; 10 
drachms of the powder are mixed with an equal bulk of coarse- 
ly-powdered quartz or glass, and the mixture introduced into a 
comparatively narrow glass percolator, whose lower end is 
drawn into a point, and loosely closed with some cotton ; the 
powder is covered with a layer of glass or quartz, and, when 
the percolator is placed in a pei-pendicular position, water, acidu- 
lated with about one per cent, of concentrated sulphuric acid, is 
introduced until it has penetrated the column and commences 
to drop out, then the upper orifice is corked, and the whole 
allowed to stand for several hours, when the cork is removed, 
and the percolation with the acidulated water is continued, un- 
til a few drops of the menstruum, received in a test-tube, cease 
to have a bitter taste, or to become turbid on addition of aqua 
ammonife, "When this point is reached, and the bark com- 
pletely exhausted, the entire liquid is poured into a porcelain 
dish, and three drachms of powdered, calcined marble are add- 
ed, and the mixture evaporated to dryness on a water-bath. 
The dry residue is triturated, and introduced into a flask, and 
repeatedly and completely extracted with strong alcohol. The 
filtered alcoholic solution is evaporated in a small, tared beaker- 
glass at a gentle heat, and, when dry, the beaker is allowed to 
stand for several hoars at a temperature- near 80° C, ; it is 
finally weighed, and, when the tare is subtracted, the difference 
answers approximately to the quantity of cinchona alkaloids 
contained in the 10 drachms of the hark. 

When a quantitative determination of the quinia, quinidia, 
and cinchonia is desired, the alkaloids contained in the beaker 
are exhausted with ether, which dissolves the two former, and 
leaves the latter behind. The ethereal solution is then mixed 
■with a little alcohol, acidulated with Lydroelilorie acid, and 
completely precipitated with platinic chloride ; the ensuing 
precipitate of quuiia- and quinidia-platinic chloride is col- 
lected upon a double filter, both of the same paper and size, is 
washed with alcohol, dried at 80° 0., and then weighed ; the 
second filter serving as the tare of the one containing the pre- 
cipitate. The weight of the platinic precipitate is divided by 
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2.274, and the quotient gives the quantity of quinia and qnin- 
idia contained in 10 drachma of the cinchona- bark. 

The residue remaining undissolved in ether is dissolved in 
some ah^ohol, one drop of hydrochloric acid is added, and it is 
then completely precipitated with platinic chloride ; the pre- 
cipitate of cinchonia-platinic chloride is washed upon a donble 
filter with 'alcohol, ia dried at 80° C, and weighed as the pre- 
ceding one. The weight is divided by 2.34, the quotient gives, 
the quantity of the cinchonia contained in 10 drachms of the 
einehona-barlt.' 

The platinnm may be recovered by igniting the precipitates 
in an open crucible of platinum or porcelain, 

II. The British Pharmacopceia gives the following process 
for the estimation of the quinia in einchona-harhs ; 

" Boil 100 grains of the bark, reduced to a fine powder, for 
a quarter of an hour in a fluidoance of distilled water, acidu- 
lated with 10 drops of hydrochloric acid, and allow it to ma- 
cerate for 24 houra. Transfer the whole to a small percolator, 
and, after the fluid has ceased to drop, add at intervals about 
an ounce and a half of similarly acidulated water, or until the 
fluid which passes through is froe from color. Add to the per- 
colated fluid, solution of plumbic snbacetate, until nearly the 
whole of the coloring-matter has heen removed, taking care 
tliat the fluid remains acid in reaction. Filter, and wash with 
a little distilled water. To the filtrate add about 35 grains of 
potassium hydrate, or as much as will cause the precipitate, 
which is at first formed, to he nearly redissolved, and after- 
ward 6 fluid-drachms of ether. Then shake briskly, and, hav- 
ing removed the ether, repeat the process twice with 3 fluid- 
drachms of ether, or until a drop of the ether employed leaves, 
on evaporation, scarcely any perceptible residue. Lastly, 
evaporate the mixed ethereal solutions in a capsule. The resi- 
due, which consists of nearly pure quinia, when dry, should 
weigh not less than two grains (2 per cent.), and should be 
readily soluble in diluted sulphuric acid." 

III. Another method * is the following : 

* This method, BUggeated by P. OarleB, in 1869, differs from Eimilar ones mainly 
by the employment of ebloroform for eihaustion, instead of ethylic or nmylio alco- 
hol, of etber, or of benzol, and by the separation of the quinia sulpbato from a sola- 
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One thousand grains of a good average sample of the pow- 
dered and dried bark are intimately mixed with from 300 to- 
400 grains of slacked lime, mixed with about, 1,750 grains of 
Water, and the pasty mixture of the bark and lime dried at a 
gentle heat ; the cakes thus formed are reduced to a coarse 
powder, and pressed into a small percolator, with stop-cock 
and glass stopper ; chloroform is then gi'adually poured on the 
contents until tliey are moistened throughout ; stop-cock and 
glass stopper being closed, the whole is allowed to stand for 12 
hours, when the bark is completely exhausted by successive 
slow percolation with chloroform. About 7,000 grains of chlo- 
roform will be required for the exhaustion of the bark, which 
may be ascertained by evaporating a few drops of the last per- 
colate upon a watch-glass, and by dissolving the residue with 
a few drops of chlorine-water and one drop of diluted liydro- 
chloric acid, and by adding the solution to a little aqua am- 
mOTiise in a small test-tube. 

The bark is exhausted when the occuri'enee of a greenish 
coloration with this test ceases. "When this is the case, the 
chloroform is displaced by water poured upon the percolator, 
and, as soon as chloroform ceases to drop off, tlie entire perco- 
late is evaporated upon a water-bath, until a dry residue is left. 
If desired to save the chloroform, especially when the test is 
performed on a larger scale, it may be distilled off in a small 
retort with a Liebig cooler, from a water-bath : the distillation 
Bhoold not, however, be carried on to dryness, but the remain- 
der of the fluid is to be evaporated to dryness in a porcelain 
capsule. The residue consists of the alkaloids mixed with about 
their own weight of resinous and such other matters of the 
bark as are soluble in chloroform ; it is treated several times 
with so much cold diluted sulphuric acid (1 part concentrated 
acid to 10 parts of water) as is required for solution of the alka- 
loids ; about 500 to 600 fluid-grains of the diluted acid will be 
BuiBeient. The solution is passed through a small tilter, previ- 
ously moistened, and this is washed with a little cold water ; the 
colorless tiltrate is heated in a flask to near boiling, and, when 

tion of ammonium sulphate, wherein it is sa.id to be insoluble. It hus the adrantage 
of being simple in operation, nnd of occasioning tbe least loss, and ^ringthe fullest 
yield of qninia, with an almost complete exclusion of einehoaia. 
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hot, BO much aqua ammonliB is added as nearly to neutralize 
the acid solution. This ie then allowed to cool slowly. Aa 
quinia sulphate is insoluble in solution of ammonium sulphate, 
all the qninia sulphate will deposit in a crystaliine crust, to- 
gether, probably, with a part of the quinidia sulphate ; the men- 
struum is then poured off into anotlier beaber, and the crystal- 
line mass broken and washed with a few drops of cold water, 
either in the heaker or upon a tared filter, after which it is 
dried at about 80° 0. 

If the mother-liquor is found to be very acid, it has to be 
.neutralized with aqua, aramonife, and once more, allowed to 
stand and cool for crystallization ; if this has taken place, the 
crystals . are collected tipon a tared filter, washed with cold 
water, and also dried. 

The entire yield of dried crystals is then weighed, and the 
number of grains, after having added 11 per cent, to make up 
for the water of crystallization, contained in quinia sulphate, 
and lost on drying, when divided by 10, gives at once the per- 
centage of quinia sulphate obtainable from the cinch on a-bark, 

IV. An adequate and perhaps the most reliable method 
for the estimation of the value of connnereial cinchona-bark, 
designed for the manufacture of Qninise Sulphas, is the prep- 
aration of quinia sulphate on a small scale by the process of 
the TJ. 8. Pharmacopoeia : 

Twelve ounces of the bark, in coarse powder, are thoroughly 
mixed with 4 pints of water and half an ounce of hydrochloric 
acid of 1.160 spec. grav. ; the mixture is allowed to macerate 
for twelve hours, and is then gently boiled in a porcelain cap- 
sule for about one hour ; it is then strained through muslin, and 
the residue is boiled twice successively, with half of a mixture 
consisting of 3 pints of water and 3 drachms of hydrochloric 
acid, and strained ; the powder is finally submitted in the mus- 
lin to a gentle pressure, and this is repeated again after it has 
been moistened with about 6 ounces of boiling water. The 
obtained liquids are mixed in a porcelain capsule, and heated ; 
now, while hot, a mixture of 10 drachms of lime, previously 
slacked with 8 ounces of water, is gradually added, with con- 
stant stirring with aglass rod,until tbesolutionof thelime,and 
the corresponding formation of a precipitate of quinia, cease, or 
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until tlie liq^uid turns turmeric-paper brown. The precipitate ie 
collected upon a filtei', and washed with distilled water, until this 
ceases to cause a turbidity, whon a few drops are allowed to 
fall into a solution of argentic nitrate, acidulated with nitric 
acid ; tiie precipitate is then dried, and, when detached from 
the filter, reduced to a fine powder, which is successively ex- 
hausted with decreasing quantities of boiling alcohol, separat- 
ing tlie alcohol from tlie precipitate by decantation, which op- 
eration is repeated until the alcohol is no longer rendered bit- 
ter. The obtained alcoholic solutions are mixed, and are con- 
centrated to a syrupy consistence, either by evaporation or by 
distillation ; the remainder is then transferred and rinsed into 
a flask, with 12 ounces of boiling water; it is then heated to 
boiling, and so much diluted sulphuric acid is added as just 
completely to dissolve the quinia. Then half an ounce of 
common animal charcoal is added, or so much as to leave the 
liquid of a faintly acid reaction upon blue litmus-paper ; after 
a few minutes' gentle stirring, the mixture is filtered while hot, 
and the residue washed on the filter with a little boiling water ; 
the entire iiltrate is then set aside to crystallize. The crystals 
are separated from the liquid, which is allowed to drop oft' as 
much as possible, and they are then dried in a porcelain cap- 
sule, covered with bibulous paper, at a lieat not exceeding 50* 
C, taking care to avoid tlie efflorescence of the dry crystals. 
The remaining liquid is evaporated at a boiling heat to nearly 
two-thirds of its volume, and is then allowed to crystallize 
again. These crystals are separated and dried as before. The 
mother-water may he made to yield an additional quantity of 
quinia sulphate by precipitating the quinia witli aqua ara- 
monise, and treating the precipitated alkaloid as before with 
proportionate quantities of distilled water, sulphuric acid, and 
animal chareoah 

The entire yield of quinia sulphate, when dry, represents 
the available quantity of the salt obtained fronri 12 ounces of 
the bark, which number lias to be multiplied by 8.33 in order 
to express the percentage value of the bark in quinia suipliate. 



by Google 



QUINI^ HYDBOOHLOBAS. 



Sydrochlorate of Quinia or Quinine. Quinia SydTochloride. 

"White, silky needles, or a crystalline powder; when ex- 
posed to heat, the salt fuses, and finally bums away without 
residue. Quinia hydrochloride is soluble in about 20 parts of 
cold water, in from two to three parts of alcohol, and only 
slightly in ether; but it is freely soluble in acidulated water, 
and in diluted as well as in concentrated acids, without change 
of color; its solutions are neutral, have a bitter taste, and 
yield an emerald-green coloration with chlorine- water, on sub- 
sequent addition of an excess of aqua ammoriife ; the green be- 
comes purple with potassium ferroeyanide ; the aqueous solu- 
tion, acidulated with nitric acid, yields a white, curdy precipi- 
tate with argentic nitrate, soluble in an excess of amraonium 
hydrate, and a white precipitate with aqua ammonife, which, 
however, is dissolved by ether, alcohol, chloroform, or benzol, 
when added and agitated with the liquid. 

The examination of quinia hydrochloride for quality and 
purity is the same as that of quinia sulphate, aa described on 
pages 831-324. 

In reference to the mode of its preparation, its aqueous so- 
lution needs, moreover, to be examined for contamination with 
quinia sulphate and with barium chloride, by acidulation with 
nitric acid, and sulsequent testing in separate portions with 
barium nitrate for the former, and with diluted sulphuric acid 
for the latter. Either of these impurities, of course, excludes 
the presence of the other one, without impairing the solubility 
of the salt. 

In the application of the chemico-microscopie test (page 
323), the concentrated aqueous solution of the quinia hydro- 
chloride may be added to the solution of potassium sulpho- 
eyanide without the addition of acid. 
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QXtlNUE SULPHAS. 

CHININTJM SEU CHINIUM SULPnUIJICUM. 

Sulphate of Quinia or Quinine. Qmnia Sulphate. 

Fine, silky, slightly flexible, snow-wliite needles, interlaced 
among one another, or grouped in small, starlike tufts ; the 
crystals contain seven molecules of water of crystallization, 
five of which (about 11 per cent, by weight) evaporate, with a 
slight eiflorescence of the salt, when exposed to a warm and 
dry air ; the remaining two molecules separate at about 116" 
0., the fnsing-point of quinia sulphate, when it still retains 
one molecule of water of constitution ; at a stronger heat, the 
fused salt assumes a deep red color, and finally, when heated iu 
the open air, bums slowly and wholly away. 

Qninia sulphate is but spai'ingly soluble in cold water, one 
part requiring 790 pai-ts of cold, and 33 parts of boiling, wa- 
ter ; it dissolves in 60 parts of alcohol, and is also soluble in 
benzol, but only sparingly in ether and in chloroform. DUute 
as well as strong acids will dissolve it freely, forming color- 
less, bitter solutions, which, when diluted, exhibit a blue fluo- 
rescence. 

Solutions of quinia sulphate are precipitated by the alka- 
line hydrates, carbonates, and bicarbonates, by lime-water, by 
tannic and picric acids, by potassium ferrocyanide, and by 
potassio- mere uric iodide. The precipitates with calcium hy- 
drate and -vf ith the alkaline hydrates are soluble in an abun- 
dance of the precipitant. 

Like all quinia salts, quinia sulphate renders. an emerald- 
green reaction when dissolved in, or when its solution is mixed 
with, chlorine- water, and afterward with an exee^ of aqua ara- 
monire ; the green color passes into purple upon the subse- 
quent addition of a few drops of solution of pot^sinm ferro- 
cyanide, which reaction is especially striking when, to the solu- 
tion of the quinia sulphate in water, the solution of potassium 
ferrocyanide is iirat added, and subsequently the aqua ammo- 
nife. 

One hundred grains of quinia sulphate, dissolved in water 
acidulated with hydrochloric acid, yield, upon complete precipi- 
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tation with barium chloride, a precipitate of barium aulphate, 
■which, when collected, washed, and dried upon a filter, and 
completely incinerated by ignition, should weigh 3(5.6 gniins. 



Mineral admixtures are detected by a residue left after ig- 
niting a little of the salt upon platinum-foil, or after dissolving 
about five grains of the salt in four drachms of boiling alcohol. 

Ammonium salts are recognized by the odor of ammonia, 
and by the formation of white vapors from a glass rod moist- 
ened with acetic acid, when held in the orifice of the small 
testr-tube, wherein a few grains of the quinia sulphate are heated 
with strong solution of potassium hydrate. 

CMorides and hydvoeMorides may be recognized in the di- 
lute solution of the salt in water, acidulated with nitric acid, 
by a white, curdy precipitate with argentic nitrate. 

SteaHo acid may be detected in the above-described alco- 
holic solution, by adding an equal volume of water ; the liquid 
becomes turbid, but, on warming it gently, by dipj'ing the test- 
tuhe in hot water, it becomes transpa e t o-a tl e ppeir 
ance of an oily layer on the surface would nd cate t! e 1 ove 
fatty a«id. 

Salicin, sugar, and mannite, may 
be detected in the solution of the 
preceding test, if free from fatty sub- 
stances, by mixing it, in a porcelain 
capsule, with about five grains of 
barium carbonate, and evaporating 
the whole to dryness with constant 
stirring ; the residue is triturated 
with a little water, and transferred 
upon a moist filter ; the obtained 
filtrate is evaporated at a gentle 
heat, upon a watch-glass, and must 
leave no residue, or only a very 
small one ; if a residue remains, it 
is divided, and placed upon two 
watch-glasses, with one drop of wa^ 

ter upon each, and is again dried up at a gentle heat ; then, 
upon the one glass, a small drop of concentrated sulphuric acid 
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is allowed to fall from a glass rod or from a Bmall pipette (Fig. 
83) a ed lo w'll be produced if saUdn is presont, a black 
one uga na n te remains unchanged, and may be de- 
tected n I watch-glass, by a few drops of alcohol, 

c d 6 he «i wwifo, and leave it behind in small, acicu- 

a c a n p itaneous evaporation. 

Sn e quna n phate dissolves without apparent change 

ng u ph acid, even when gently warmed, this test 

m y be d e y ap lied for the deteetion of admixtures of 

a na n e atty acids, which will produce a black 
colorat on a ed oration might be indicative of the pres- 
e of hu since many other compounds produce a 

similar reaction, the following additional test may be em- 
ployed for ealicin : 

Pour grains of the quinia sulphate are dissolved, in a test- 
tube, in one drachm of water and four drops of concentrated 
hydrochloric acid; the solution is boiled for a few minutes, 
when, if saUcin be present, a white turbidity caused by the 
formation of saliretin will take place. 

Oinchonia, Gindhonidia, and Quinidia. — These associate 
alkaloids of quuiia are distinguished from the latter, and from 
each other, hy the difference in their solubility in aqua ammo- 
nia and in ether. When freshly precipitated, quinidia requires 
i^>r re-solution from 10 to 11 times as much aqna ammonite as 
an equal quantity of quinia ; cinchonidia from 12 to 13 times as 
much ; while cinchonia is not dissolved by a much larger pro- 
portion than is required by either of the other alkaloids, and, 
though, when mixed, in a very small proportion, with quinia, 
it is dissolved at first, it afterward separates on standing. 

With regard to their solubility in ether, the alkaloids differ 
as follows : Thirty grains of quinia sulphate, when precipi- 
tated with sodium carbonate, yield about 22 grains of alkaloid, 
which, if all quinia, would require for solution about four 
fiuidounces of ether ; if all quinidia, about six fiuidounces ; if 
all cinchonidia, about 10 fiuidounces ; and, if all cinchonia, 
about 40 fluidonnces of ether. 

Hereupon the three following tests are iased; 

1. Thirty and two-thirds grains (two grammes) of the quinia 
sulphate are mixed and agitated with live fluid-drachms (20 
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cubic centimetres) of distilled water, at a temperature below 
15° C, and the mixture allowed to etand for balf an Lour, at a 
temperature not exceeding 15° 0. ; it is then filtered, and 1-J 
fliiid-draehm (five cubic centimetres) of the filtrate are placed 
in a long, narrow test-tube, and If fluid-draclim (seven cubic 
centimetres) of aqua ammoniie added, taking care that the two 
fluids do not mix ; the tube is then closed, with the linger or a 
cork, and gently reversed, witbout undue agitation, when the 
liquid should, after a while, become clear and transparent. 
Otherwise an unusual quantity of the above alkaloids is indi- 



2. Ten grains of the qainia sulphate are i 
narrow test-tube, with a mixture consisting of one drachm by 
weight of pure ether and 10 drops of aqua ammonias, and are 
then allowed to rest ; the liquid should, after a while, form two 
separate, colorless, and transparent layere, without any white 
or crystalline matter floating at the line of contact between the 
two strata; Bucb an appearance would also indicate the pres- 
ence of the above associate alkaloids of quinia. 

3. Ten grains of the quinia sulphate are dissolved, in a 
test-tube, in one fluid-drachm of distilled water, and 10 drops 
or lass of diluted eulpliuric acid ; then 2^ fluid-drachms of 
ether, 3 drops of alcohol, and 40 drops of a solution of potas- 
sium hydrate (1 part to 12 parts of water) are added ; the test- 
tube is corked, agitated, and allowed to stand for 13 hours. 
When pure, the two fluid strata, and the line of their contact, 
will be clear and transparent ; but, if even traces of cinchonia 
and cinchonidia are present, they will be seen floating as a 
white cloud at the line of separation between the two strata ; 
when cinchonidia is the only impurity, it will appear at the 
line of contact as an oily-like stratum, consisting, when magni- 
fied, of minute amorphous particles, while cinchonia appears 
crystalline. 

Another and ready method of . distinguishing the three 
principal associate alkaloids, in quinia sulphate, is Stoddar^s 
Ghemico-ffdGroaoopw test:, Tive grains of the quinia sulphate 
are dissolved in two drachms of distilled water, acidulated with 
four drops of diluted sulphuric acid ; of this solution, one small 
drop is placed upon the glass slip, and about half a drop of so- 
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lution of potassium sulphocyanide is put by its side ; both are 
tlien covered with one piece of thin glass, wliicli will cause the 
drops to touch. At the line of junction, an immediate precipi- 
tation tates place, and the crystals of the different alkaloids 
may be recognized, under the micrdaoope, at a magnifying 




power of about 60 diameters. The particles inange them 
selves into groups, quinia salt forming long slendei needles 
(Fig. 84), quinidia, radiate crystalline needles (Fig. 85), and cm- 
ehonia, comparatively large prisms (Fig. 86). 



QVISIM TANNA8. 
CHININUM 9ED" CHINIUM TANNICUM. 
Tannate of Quinia or Quinine. Quinia Tannate. 
A yellowish-white, amorphous powder, which, when heated, 
becomes brown, fuses, and is wholly dissipated ; it is only spar- 
ingly sohible in cold water, requiring 493 parte of it, but did- 
soires in 21 parts of boiling water ; addition of acids increases 
the solubility to some extent ; it is also soluble in alcohol ; its 
aqueous solution has an astringent, bitter taste, and a feebly 
acid reaction ; it is precipitated by metallic salts, and becomes 
black upon the addition of a few drops of solution of ferric 
chloride. When 10 grains of quinia tannate are mixed with 



by Google 



QUiNiA. 325 

10 grains of zinc oxide and a little water, and the mixture al- 
lowed to stand for several hours, in a warm place, then agi- 
tated with about two fliiid-draelims of alcohol, and after a 
while filtered, and the filtrate evaporated to dryness, at a gen- 
tle heat, in a heaker-glass, a residue is obtained, which, when 
dissolved in a little chlorine-water, forms a solution which ren- 
ders the characteristic emerald-green reactions of quinia with 
aqua animoniae, passing to pnrple upon addition of potassium 
ferroejanide, 

Ezaminatioii : 

Admixtures of tannic or §alMc acid, swffar, mannite, or 
dexl^in, may be recognized by their ready solubility in cold 
water in comparison with that of quinia tannate. 

Starch is detected by a blue color, when one drop of iodin- 
ized solution of potassium iodide is added to a little of the 
quinia tannate shaken with some boiling water. 



QUIHT^ VALBRIANAS. 

CHININUM SEUCHINIUM VALERIANICUM. 
Yalerianate of Quinia or Quinine. Quinia, Valerianate. 

Colorless, rhomboidal plates, of a pearly lustre and a faint 
odor of valerianic acid, permanent in the air ; they fuse at a 
low temperature, and are entirely dissipated at a stronger heat, 
emitting white, inflammable vapors. 

Quinia valerianate is soluble in six parts of cold, and' one 
part of boiling, alcohol, in 110 parts of cold, and 40 parts of 
boiling, water, but only sparingly in ether ; diluted acids dis- 
solve it freely, and strong sulphuric acid does so without color, 
if heat is not applied ; it is also soluble in chlorine-water, form- 
injf a solution which renders the emerald-green reaction of 
quinia with ammonium hydrate- 
Examination ; 

Stearic acid, sugar, and salicin, are detected by agitating 
eome of the quinia valerianate with strong sulphuric acid, in a 
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test-tnbe ; a black coloration would indicate one or both of the 
two former ; a red one, salicin. In the ease of a blaek reaution, a 
special test for salicin has to be made ; a little of the ralerian- 
ate is agitated with cold water, the filtrate is then evaporated 
at a gentle heat, to a small buUf, and this is strongly acidu- 
lated with a few drops of concentrated hydrochloric acid, and 
heated ; a white turbidity, taking place after a while, would 
indicate salicin. 

Quinia hydrochloride and sulphate may be detected, in the 
filtered aqueous solution of the salt, acidulated with a tew drops 
of nitric acid, by testing portions of it with argentic nitrate for 
the ibmier, and with barinm nitrate for the latter. They will 
be indicated by a white precipitate with the respective re- 
agent. 

Zino YaZeria/nate or Acetate. — Tlie absence of these or any 
other mineral salts, not readily volatihzable, may be ascertained 
by exposing the salt to a red heat, upon platinum-foil, whereby 
the organic matter is completely dissipated, leaving metallic 
oxides or carbonates behind, if any be present ; if a residue re- 
mains which appears straw-yellow while hot and white when 
cold, it may be examined for zinc oxide by scraping it oiF care- 
fully, and dissolving it, in a test-tube, in a few drops of diluted 
nitric acid ; the solution is then mixed with twice its bulk of 
hydrosulphuric acid ; if a precipitate is formed, it is collected 
upon a filter, and examined for the iirst group of metallic ox- 
ides by the method described on pages 39 and 41 ; the filtrate 
is over-saturated with ammonium hydrate ; a white precipitate, 
soluble in liquor potassse, would confirm the presence of aina 



QUINOIQIHUIVL 

CHINOIDINUM. 

Quinoiiine. 

A brittle, resin-like mass, of a deep brown color, a glassy, 
.conchoidal fracture, and a peculiar aromatic odor; it be- 
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cornea soft and tough at a moderate temperature, and melta 
like a reain when wanned; it ie almost insoluble in water, 
and only partly soluble in chloroform and in glycerin, but 
freely soluble in diluted acids, in alcohol, and in ether, form- 
ing dark brown eolutions, of an aromatic, bitter t^te and odor ; 
the alcoholic and ethereal solutions are precipitated by water, 
and the acid ac^ueous solution becomes green when first mixed 
with sufficient chlorine-water to decolorize it, and subsequently 
with an excess of aqua aramoniEe. 

Ezaminatioa : 

Oum-Itesins. — About 10 grains of the triturated quinoidine 
are agitated, in a large test-tube, with half an ounce of water ; 
the mixture is then heated to boiling, with constant agitation ; 
when cool, the water must be nearly colorle^, and remain so 
when about 10 grains of dry potassium hydrate are dissolved 
in the decanted water, and the whole heated ; if a brown col- 
oration takes place, in either of these tests, gum-resins (aloes) 
or other soluble admixtures (liquorice, glucose, dextrin, etc.) 
are indicated. 

Sesins may he detected in the quinoidine remaining undis- 
solved in the preceding test, by dissolving it, with the aid of 
heat, in about two drachms of diluted sulphuric acid ; a com- 
plete or almost complete solution must take place, otherwise 
an admixture of resins, insoluble in diluted acids, is indicated. 

As a confirmatory test for gum-resins, liquorice, glucose, 
etc., a few drops of the obtained solution may be allowed to 
fall into alcohol ; they must form a clear solution ; an ensuing 
turbidity would establish the presence of such admixtures. 

Copper may be sought for, in the sulphuric-acid solution of 
the preceding test, by diluting it with twice its volume of wa- 
ter, and immersing in it, tor several hours, a perfectly clean 
and bright iron spatula or the blade of a knife ; if any copper 
be present, the iron will receive a slight coat of metaHic cop- 
per. 

Mineral admixtures are indicated by a residue upon com- 
plete exhaustion of the quinoidine with alcohol, and upon in- 
cineration. 
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SANTOmNim. 

Santonin. 

Small, flat, rhombic prisms, transparent, without odor or 
color, and of a sliglitly bitter taste; they fuae at 170° C, and 
assume, on cooling, the form of a crystalline mass ; at a strong- 
er heat, they volatilize in dense, white, irritating, inflammable 
vapors, which condense unaltered on cooling, forming a white 
crystalline sublimate ; at a red heat, with free access of air, they 
bum away without residue. 

Santonin is permanent in the air, and assumes a straw-yel- 
low color, apparently without decomposition, when exposed to 
the solar light. Wlien moistened with concentrated sulphuric 
acid, in a dry test-tube, it remains unchanged and colorless for 
a while (evidence of the absence of saliein, which at once be- 
comes scarlet red) ; the mixture does not assume a bluish color 
upon tlie addition of a little powdered potassium bichromate 
(evidence of the absence of strychnia *), nor is it acted upon 'by 
concentrated nitric acid. 

Santonin is almost insoluble in cold as well as in acidulated 
water, and also in dilute acids; tlie Altered liquid has only a 
feebly bitter taste, and renders no precipitate witli tannic acid, 
nor with trinitropheno! (picric acid), either before or after the 
addition of a little solution of sodium acetate (further evidence 
of the absence of saliein, and of cinchonia, and other bitter al- 
kaloids). Boiling water dissolves s^th part of santonin. It is, 
however, readily soluble in diluted solutions of the alkaline hy- 
drates, and in water containing them, but is roprecipitated by 
acids and acidulous salts. Santonin is also soluble in iZ parts 
of cold, and 3 parts of boiling, alcohol, in 75 parts of cold, and 
" parts of boiling, ether, in 3 pai-ts of chloroform (distinction 
irom cinchonia, whieli is almost insoluble in chloroform), and 

* Santonin and strychnia hare some eimtkritj in tboir appearance, and tliis fact 
has repeated] J been the cause of incidental mistakes and sad accidenls. Theymay, 
however, at once be distinguished, besides their difference in loste, by the Bolubilitj 
of ttrgchnia in dilated acids, by its inaolubility in ether and in liquor potaasie, and 
by ils reaction with concentrated enlpharin acid, in which it dissolves without eolor, 
but produces, npon addiUon of a minute cryatiil of potassium bichromate, a binish, 
violet tinge, which succesaively changes to violet, to red, and finally to yclloiv. 
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more or less freely in benzol, and in essential and fatty oils. 
The alcoholic solution burns with a pale yellow flame (evidence 
of the absence of an adulteration with boracic acid), and be- 
comes transiently carmine-red upon the addition of concen- 
trated solution of potassium hydrate. All the solutions of san- 
tonin have a bitter taste and a neutral reaction on test-papers, 
although it acts as an acid, forming cry stall izable and soluble 
salts with the alkalies. 



SODU ACETAS, 

SODIUM 8EU NATRIUM ACETICUM. 

Acetate of Sodium. Sodium Acetate. 

Large, colorless, transparent^ striated oblique - rhombic 
prisms, containing three molecules (39.49 per cent.) of water 
of crystallization, which gradually evaporate upon exposure to 
a dry, warm air, leaving the anhydrous salt as a white powder. 
When heated, in a dry test-tube, the crystals undergo aqueous 
fusion at 388° C, and, upon continued heating, they give out 
their water of crystallization, and are decomposed, with the 
evolution of empyreumatic, inflammable fumes, leaving a black 
residue of carbon and sodium carbonate, which imparts to the 
flame a yellow color, blues moistened red litmus-paper, and 
effervesces with acids. 

Sodium a<5etate is soluble in from two to three parts of cold, 
and in less than its own weight of boiling, water ; it is also 
soluble to some extent in alcohol ; its aqueous solution is neu- 
tral or nearly so, has a cooling, saline taste, is not precipitated 
when dropped into strong alcohol, nor when mixed with a di- 
luted solution of sodium carbonate, or with a concentrated so- 
lution of sodium bitartrate ; it assumes a red color upon the 
addition of a few drops of solution of a ferric salt, evolves the 
vapor of acetic acid, when warmed with concentrated snlphuric 
acid, and that of acetic ether, when heated with a mixture of 
alcohol and sulphuric acid. 

For Vohimetrie Estrniation, see page 58, 



by Google 



830 MANUAL OF CHEMICAL ANALYSIS. 

Examination : 

Sodium, chloride and sulphate are detected, in tlie solution 
of Bodium acetate, acidulated with a few drops of diluted nitric 
acid, by testing it, in separate portions, witli argentic nitrate 
aud barium nitrate; a white precipitate with the first reagent 
would indicate oMoride, and with the second one, sulphate. 

Metallic impurities are detected by mixing a concentrated 
solution of the salt with an equal volume of liydrosulphuric 
acid, and by subsequent addition of a little aqua ammonise. 



SODn ABSENIAB. 

SODIUM SEU NATRIUM AESENIOUM. 

Areeniate of Sodium. Sodium Arseniate. 

Oolorle^, transparent, prismatic crystals, containing 14 
molecules (40.38 per cent.) of water of crystallization, 10 of 
which are slowly given off at common temperatures, and in 
dry air, leaving a white powder still containing four moleeules 
of water ; these, however, are driven out at 148° C, when the 
salt fuses. 

Sodium arseniate dissolves in about three parts of cold wa- 
ter, forming an alkaline solution, of a mild, feebly saline taste, 
which gives white precipitates with barium and calcium salts, 
and with magnesium and zinc sulphates, and a brick-red one 
with argentic nitrate, all of which are solal)!e in nitric acid ; it 
suffers no alteration by hydro sulphuric acid, either in its alka- 
line solution or when this is acidulated with acids ; the latter 
mixture, however, becomes turbid upon warming, separating 
white sulphur first, and yellow arsenic disulpbide afterward. 
Fused upon charcoal, before the blow-pipe, sodium arseniate 
gives the garlic-like odor of arsenic, and imparts a yellow color 
to the flame ; heated, in a narrow tube, with a little p 
cyanide, it forms a metallic mirror. 



by Google 



SODH BIBORAS. 

BORAS. SODIUM SEU NATRIUM EIBORICUM. 
Biborate of Sodium. Soraa. Sodium, Biborate. 

Colorless, transparent, hard, six-sided piiams, containing 10 
molecules (30.83 per cent.) of water of crystallization, oi'di- 
narily permanent, but slightly eflorescciit in dry and warm 
air; when heated, they undergo aqneoua fusion, give off the 
water, swell up, and form a white porous mass, which fuses at 
a red heat into a glass, which is a powerful solvent for the me- 
tallic oxides, forming colored fluxes. When powdered borax ia 
mixed in a porcelain capsule witli diluted sulphuric acid and 
subsequently with alcohol, and the mixture ignited, the alcohol 
bums witli a greenish flame. 

Sodium biborate is soluble in 12 to 15 parts of cold, and 
two parts of boiling, water, and, with the aid of heat, in its 
own weight of glycerin, but insoluble in alcohol ; its aqueous 
solution has an alkaline, sweetish taste, and an alkaline reac- 
tion upon litmus and especially upon turmeric paper ; it forms 
precipitates of insoluble or sparingly soluble borates with the 
solutions of most earthy and metallic salts, and acts upon salts 
of gold, silver, mercury, and others, almost like potassium hy- 
drate, precipitating their hydrates. 

When added to mucilage of gum-arabic or Iceland-moss, 
or to other similar vegetable mucilages, solution of sodium 
biborate thickens them considerably, unless they contain an ad- 
dition of grape or cane sugar. 

For Volwmetrio Estimation, see page 58. 

Xzamination ; 

One drachm of the powdered borax, when dissolved in two 
ounces of warm water, should yield a complete and clear solu- 
tion, remaining so after cooling ; thia solution may serve for 
the following tests ; 

Sodium carbonate is indicated by effervescence, or the rise 
of gas-bubbles, when a portion of the solution is added to con- 
centrated hydrochloric acid. 

Alum is indicated by a white precipitate with solntion of 
sodium carbonate. 
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Chloride and sulphate may be detected iii tiie solution, after 
dilution with three times its volume of water and acidulation 
with dilated nitric acid, by the formation of white precipitates 
when tested, in separate portions, with argentic nitrate for chlo- 
ride, and with barium nitrate for sulphate. 

Phosphate may be detected by a white granular precipitate, 
when the solution is mixed with nearly an equal volume of so- 
lution of ammoniated magnesium sulphate. 

In order to ascertain the absence of arsenic acids, which 
would i-ender the same reaction, the precipitate may he col- 
lected, washed, and dried, and then tested by heating a portion 
of it, mixed with a little exsiccated sodium carbonate, upon 
charcoal, and another portion, with a little potassium cyanide, 
in a narrow glass tube ; a garlic-like odor in the first test, and 
a metallic mirror in the second, would indicate an incidental 
contamination witli an arsenite or arsenate. 

Metallic impurities are detected by mixing the solution of 
tlie salt with au equal volume of hydros ulph uric acid, and by 
subsequent acidulation with diluted hydrochloric acid. 



sodh sicabbonas. 
sodium seu natrium ricakbonicoe. 

Bicarbonate of Sodium. Sodium BioarbonaU. 

White, opaque masses, made up of aggregations of small, 
oblique, four-sided plates or irregular scales, of a white appear- 
ance, in consequence of a slight efflorescence of the surfaces of 
the crystals, or a snow-white powder. The salt contains two 
molecules (10.65 per cent.) of water of crystallization, and ie 
permanent in the air. Exposed to a strong heat, sodium bi- 
carbonate loses the witter of crystallization and one molecule 
of carbonic acid, amounting together to 36.8 per cent, by weight, 
and anhydrous sodium carbonate remains behind. 

Sodium bicarbonate is soluble in 13 to 14 parts of water at 
i5.5° C, and in 10 parts at 24° C, forming a solution of a mild, 
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altaline taste and reaction; when heated, effervescence tabes 
place, and at the boiling-point of the solution the salt is con- 
verted into sodium carbonate and sesquicarbonate. Solution 
of sodium bicarbonate affords no precipitate upon the admix- 
ture of a concentrated solution of sodium bitartrate or of tar- 
taric acid. 

One drachm of crystallized sodium bicarbonate saturates 
49,98 grains of citric acid, and 53.55 grains of tartaric acid. 

For Yol/umetrio Estimation, see page 58. 

Examiaation. ; 

/Sot^awm. mowo-C(wJt«iaie may be recognized in the solution 
of the salt by a white precipitate, when tested with niagnesiiiui 
sulphate. 

A confirmatory test is to mix a solution of i^ grains (0,3 
gramme) of mercuric chloride in 1^ drachm of water, with a 
solution of half a drachm {2.0 grammes) of the sodium bicar- 
bonate in 1 ounce of cold water, and to allow the mixture to 
stand for about three minutes, when only a slight white tur- 
bidity shonld have occurred ; a reddish-brown deposit would 
confirm the presence of mono-carbonate. 

Sodium chloride and svl^hate are detected in the sohition 
of the salt, when over-saturated with diluted nitric acid, by 
testing it in separate portions, with argentic nitrate for chlo- 
ride, and with barium nitrate for sulphate. If a precipitate la 
formed with the argentic nitrate, which gradually tunis gray 
or grayish black, the presence of sodium hyposulphite is also in- 
dicated, 

Metals. — About ten grains of the powdered sodium bicar- 
bonate are dissolved in about one ounce of hydrosulphuric acid, 
and, when solution has taken place, this is over-saturated with 
dtluted nitric acid; a dark turbidity, occurring either before 
or after acidulation, would indicate metallic impiinties ; these, 
if considerable in amount, may be obtained, as a precipitate 
from a larger quantity of the salt, and the nature of the metals 
determined by the methods described on pages 41 and 42. 
The occurrence of a slight white turbidity, upon the addition 
of the acid, would be due to the presence of traees of sodium 
hyposulphite. 
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sodh oabbonas. 

sodium seu natrium carbonicum. 

OarbonaU of Sodium. Sodium Carbonate. 
Large, colorless, transparent, oblique-rhomlDic prisma, con- 
taining 10 molecules (62.85 per cent.) of water of erystalliza^ 
tion ; they effloresce in dry air, lose their water, and crumble 
to a white powder ; when exposed to heat, they undergo aque- 
ous fusion, and, after the evaporation of the water, the anhy- 
drous salt fuses at a red heat without undergoing further 



Crystallized sodium carbonate dissolves in two parts of cold, 
and in leas than half its weight of boiling, water ; or in other 
words, 100 parts of water dissolve, at 14° C, 60.4 parts, at 36° 
C, 833 parts, and at 104° C. (the boiling-point of the saturated 
solution), 445 parts, of crystallized sodium carbonate.* The 
salt is insoluble in alcohol. Its aqaeons solution has a strong 
alkaline taste and reaction ; dropped into solution of tartaric 
acid, it produces no precipitation ; it effervesces with acids and 
aciduloos salts, and decomposes the soluble salts of the earthy 
and heavy metals, forming, with most of them, insoluble or 
sparingly soluble carbonates or hydrates. 

One drachm of crystallized sodium carbonates saturates 
29.34 grains of citric, and 31.47 grains of tartaric, acid. 

For Yohimetrio HsUmation, see page 58. 

Examination : 

Sodium Chloride, Sulphate, and Hyposulphite. — A solution 
of the sodium carbonate is over^aturated with diluted nitric 
acid, and is subsequently tested in separate portions, with 
barium nitrate for sulphate, and with argentic nitrate for chlo- 
ride ; if the latter reagent causes a white precipitate which 
soon turns more or less gray or grayish black, it would also in- 
dicate the jireaenee of sodium hyposulphite. 

* Sodium carbonate, with ten molecules of water of crjatalliiiition, is altered in 
its solution, at -aeax the boiling-pointy into a suit with only one molecule of water of 
crystallization, which is less soluble, and gives rise to the anomaly in the solubility 
of Bodium carbonate. A similar instance is met with in Eodium sulphate and sev- 
eral other saks. 
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Arsenic. — About one ounce of the crystallized salt is die- 
solved in 4: ounces of water, the Bohition is slightly over-satu- 
rated with concentrated hydrochloric acid, is filtered, and then 
is wanned to about 60 to TO" C. ; while etill warm, hydrosnl- 
phuric-acid gas is allowed to pass into the solution until it is 
nearly cooled, the flask is then corlted, and allowed to stand 
for 12 hours, wlien a fiocculent yellow precipitate would indi- 
cate the presence of arseniate. 

As a conflrmatory test, about 10 grains of the powdered 
salt are dissolved in half a fluidounce of concentrated hydro- 
chloric acid, and then 30 drops of concentrated solution of 
a chloride and subsequently about one fluid-drachm of 
mtrated sulphuric acid are added, aTid the whole, if neces- 
sary, is heated nearly to boiling. The formation of a brown 
turbidity would verify the presence of arsenic, 



SODH CHLORIDUM, 

SODIUM SEU NATRinM CHLORATUM. 
Chloride of Sodium. Common Salt. Sodium GMoride. 

Anhydrous, colorless, transparent, cubical crystals, often 
agglomerated into hollow, quadrangular pyramids, or a white, 
granular powder, having a spec. grav. of 2.15 ; permanent in 
the air, but slightly deliquescent when containing traces of 
magnesium and calcium chlorides. When exposed to heat, 
sodium chloride decrepitates, from the presence of interstitial 
moisture, melts at a red heat, and volatilizes with partial de- 
composition at a high temperature. It imparts a yellow color 
to the flame, and evolves vapors of hydrochloric aeid, when 
heated with strong snlphiiric acid. 

Sodium cliloride is almost equally soluble in water at all 
temperatures : 100 parts of water dissolve at 0° 0. 35.52 parts, 
at 14" 0. 35.87 parts, at 25° 0. 36.13 parts, at 40° C. 36.64 
parts, at 80" C. 38.23parts, at 100° 0. 39.61 parts, and at 110° 
C, the boiling-point of the saturated solution, 40,35 parts, of 
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the salt; it is also soluble in glycerin, but not perceptibly solu- 
ble in absolute alcohol, in ether, or in chloroform, but its 
solubility in alcohol increases with the quantity of water con- 
tained therein. Its aqueous solution is neutral, and remains 
colorless upon the addition of chlorine-water (distinction from 
the alkaline bromides) ; it forms white precipitates with the so- 
lutions of those metallic salts whose chlorides are quite or al- 
most insoluble in water — for instaneo, with the salts of silver, 
bismuth, and lead, and with the subsalts of mercury. 



7. and c<doium chlorides are detected in the solu- 
tion of sodium chloride by a white turbidity taking place upon 
the addition of a diluted solution of sodium carbonate. They 
may be distinguished by completely precipitating a warm di- 
lute solution of sodium chloride, after the addition of a few 
drops of aqua ammoniaj, with ammonium oxalate ; if this causes 
a precipitate, it eliminates only the calcium without acting 
upon the magnesium salt ; after a while the liquid is passed 
through a filter, and the filtrate tested, with a few drops of so- 
dium phosphate, for magnesium salts, which, when present, 
will give rise to the formation of a white precipitate, soluble 
upon the addition of acetic acid. 

Alkaline and earthy si/lphates are recognized in the dilute 
solution, acidulated with hydrochloric acid, by a white precipi- 
tate with barium chloride. 

Metallic impurities may be detected by the occurrence of a 
dark coloration or precipitate, when the solution of the salt is 
mixed with an equal volume of hydrosulplmrie acid, and sub- 
sequently over-saturated with aqua ammonite. 

Iodides and Bromides.— K glass tube of about 20 inches in 
length, and one-half to three-fourths of an inch wide, which is 
drawn out at its lower end into a narrow aperture, is filled to 
about 16 inches with the powdered salt, and this percolated 
with about i ounces of alcohol, of a spec, grav, between 0.834 
and 0.864, and the obtained percolate evaporated to dryness at 
a gentle heat. The residue thus obtained is dissolved in a 
little water, the solution slightly acidulated with diluted sul- 
phuric acid, and a little mucilage of starch is first added, and 
subsequently a little chlorine -water, drop by drop, and witli 
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gentle stirring with a glass rod. The presence of even minote 
traces of iodine will cause a bluish coloration of the fluid ; 
when iodine alone is present, the blue color will gradually be- 
come purple, and decrease, until it finally disappears ; but, when 
bromine is also present, the blue color will not turn purple, but 
brownish, then orange, and finally yellow. 

Nitrate. — To a little strong sulphuric acid is added part of 
a drop of sulphuric-acid solution of indigo, so as to communi- 
cate to the acid a bluish tint. An equal volume of concen- 
trated sol t'o f tl b It 's then added, keeping the mixture 
cool if tr te be [rese t the blue tint will disappear. 

A confirmatory and still more 
sensitive test is to dip a bright 
zinc rod into a test-tube, or to 
suspend it in a small beaker 
(Fig. 87) containing a little di- 
luted sulphuric-acid mucilage of 
starch, to which one drop of solu- 
tiou of pure potassium iodide, and 
« b e-| en 1 tw \ 1 ulk of the liquid of a solution of the 
salt, has been added ; it mtrate be present, a bluish coloration 
of the liquid will issue from the zinc. 

Moisture. — "When the quantity of water in sodium chloride 
has to be estimated, 10 scruples of the salt are weighed into a 
tared, dry beaker, or porcelain dish ; this is covered with bibu- 
lous paper, and allowed to stand in a warm, dry place, at near- 
ly 100° 0., for several days, or until no more loss of weight 
takes place ; the whole is then weighed, and the loss of weight, 
multiplied by 10, indicates the percentage of moisture con- 
tained in the salt. 




SODH HTDRAS. 

SODA. SODIUa SlU KATEIUM nYDRICUM. NATRIPM CAUSTIOUBI. 

Soda. Sodiwrn Sydraie. 

Hard, white, fusible masses, in flat, tabular fragments or 

sticks, of a fibrous fracture, or a coarse, white powder ; very 

22 
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deliquescent, biit solidifying again after a time, in consequence 
of the absorption of oarbonic-aeid gas, and the formation of 
sodium c&rbonate. Heated upon the looped end of a platinum 
wire, it imparts a yellow color to the ilame. 

Sodium hydrate is very soluble in water, with tlie evolu- 
tion of heat ; it is also freely soluble in alcohol ; its solutions 
are highly alkaline and caustic, and act destructively upon ani- 
mal tissues. Dropped into a diluted solution of plumbic ace- 
tate, it causes a white turbidity, which disappears again upon 
continued addition of the caustic solution, without leaving a 
black residue (evidence of the absence of sodium sulphide), 
When the concentrated aqueous solution is dropped into strong 
alcohol, no precipitate should take place, as its appearance 
would indicate the presence of sodium carbonate, sulphate, 
chloride, or other salts, less soluble in alcohol. 

Sodium hydrate may readily be distinguished from potas- 
sium hydrate, by dropping concentrated solutions of the salts 
into solution of tartaric acid, taking care that the acidity of the 
solution remains prevalent ; sodium hydrate will yield no pre- 
cipitate unless containing potassium hydrate to a considerable 
extent, while potassium hydrate forms a white, granular pre- 
cipitate. 

.For Vohime^o Estimation, see page 58. 

Examination : 

Sodium carbonate may be detected in the hydrate by effer- 
vescence, or by the formation of gas-bubbles, when a small piece 
of the hydrate is thrown into acetic acid, and by the Occurrence 
of a white turbidity upon the admixture of an equal volume 
of lime-water with the aqueous solution of the salt. 

Ghl&ride and sul/phafe are detected in the diluted solution, 
when over-saturated with diluted nitric acid, and tested in sep- 
arate portions, with ai^entic nitrate for the former, and with 
barium nitrate for the latter, 

SUioic acid and aluminium salts may be detected by over- 
eaturating the dilute solution of sodium hydrato with an excess 
of dihited nitne acid, and subsequently evaporating to dryness ; 
the residue is dissolved in warm water, and should be wholly 
soluble ; an insoluble residue would indicate silicic aoid ; the 
solution is filtered, and the filtrate tested with aqua ammonia; 
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the formation of a white, gelatinous precipitate would indicate 
alumimum Baits. 



soon HYPOPHOSPHIS. 

SODTUM SlU NATRIUM HYPOPHOSPHO KOSUM. 
HypophoepMte of Sodium.. Sodium Hypoplio^Mte. 

Small, colorless, transparent, rectangular tables, of a pearly 
lustre, or a white, granular powder, whicli, when heated in a 
dry test-tube, will first give off moisture, and subsequently 
phosphoretted hydrogen, burning with a bright light ; a resi- 
due of sodium pyrophosphate, reddened by traces of red amor- 
phous phosphorus, is left behind. 

Sodium hypophosphite is deliquescent if not dry, or in a 
moist atmosphere ; it is readily soluble in water, and in absolute 
alcohol {distinction from calcium hypophosphite), but insoluble 
in pure ether ; its aqueous solution hi« a slightly alkaline re- 
action, and is gradually oxidized on exposure, especially when 
warm ; it affords, when much diluted, no reaction with diluted 
sulphuric acid, or with calcium chloride (distinction trom solu- 
ble phosphates and phosphites), nor does it render a precipitate 
with oxalic acid (further evidence of the absence of calcium 
salts) ; it acts as a powerful reducing agent, and forms a white 
precipitate with argentic nitrate, which quickly turns brown, 
and is converted into metallic silver. 



SODH HYTOSULPHIS, 

SODIUM SEU NATRIUM HYPOSULPUUROSUM SEU SUBStTLPHUROSUM. 

Hyposulphite of Sodium. Sodium Eypomlphite. Sodium Dithionate. 

Large, colorless, transparent, right-rhombic, striated prisms, 
containing five molecules (41.7 per cent.) of water of erystalli- 
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zation ; permanent at ordinary temperatures, but efflorescent in 
dry and warm air; when exposed to lieat,the crj'stals undergo 
aqueous fusion, and then dry up agaia into a white mass, which, 
when the heat is increased, are decomposed, with the evolution 
of vapors of sulphurous acid and sulphur, whieh take fire, and 
burn away, leaving behind a residue of neutral sodium sulphate, 
containing a little sulphide. 

Sodium hyposulphite ia soluble in 1^ part of cold water, but 
insoluble in alcohol; its solution has a cooling and afterward 
a bitter taste, and a feebly alkaline reaction ; on exposure to 
the air, it is gradually decomposed, the hyposulphite being 
converted into sulphur and sodium sulphite, whieh latter salt, 
on the exposure of the solution to the air, is further decomposed 
into sulphur and sodium sulphate; when dropped into diinted 
hydrochloric, nitric, or sulphuric acid, solution of sodium hypo- 
sulphite gradually becomes turbid, sulphur being precipitated, 
and sulphurous acid disengi^ed. 

With solution of barium chloride, a concentrated solution of 
sodium hyposulphite forms a white precipitate, which dissolves, 
however, upon sufficient dilution with water (evidence of the 
absence of sodium sulphate) ; when dropped into dilute solu- 
tion of argentic nitrate, a white precipitate is formed, which 
soon turns yellow, and finally black ; when, however, on the 
other hand, the argentic solution is dropped into the solu- 
tion of sodium hyposulphite, the ensuing white precipitate of 
argentic hyposulphite is redissolved upon agitation, and the 
solution remains clear as long as sodium hyposulphite is in 
excess. 

Wlien iodine, either alone or dissolved in alcohol, is added 
to solution of sodium hyposulphite, it is immediately decolor- 
ized, sodium iodide and tetrathionate being formed ; this pro- 
cess tates place in the proportion, approximately, of one part 
(127) of iodine to two parts (2i8) of crystallized sodium hypo- 
sulphite ; a solution in these proportions dissolves iodine read- 
ily, with a brown color, but it is decolorized again npon the 
restoration of those proportions by the addition of sodium 
hyposulphite. 

Solution of sodium hyposulphite is a solvent for several oth- 
erwise insoluble compounds, as argentic oxide, argentic iodide. 
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bromide, and chloride, plumbic iodide, plumbic and calcium 
sulphates, etc. 

For Yolumetrio lEktiniaiion, see page 63. 



J is detected by the occurrence of a white 
precipitate, when the dilute solution of the salt is tested with 
barium nitrate. 

Sodium carbonate ia indicated by effervescence when a con- 
centrated sohition of the salt is dropped into diluted acetic or 
hydrochloric acid. 



SODH lODIDOM. 
SODroM SEU NATRIDM lODATUM. 
Iodide of Sodium. Sodium Iodide. 

A white, granular, deliquescent powder, or colorless, striated, 
oblique-rhombic prisms, with four molecules of water of crys- 
tallization, when crystallized at temperatures below 30° C, and 
anhydrous cubes when obtained at temperatures above that 
point. When exposed to heat, sodium iodide fuses, and is vol- 
atilized at a higher temperature, giving off part of its iodine ; 
it is decomposed at a strong heat ; when a few grains of the 
salt are heated in a test-tube, either in concentrated sulphuric 
acid, or with a little potassium bisiilphate, violet-colored vapors 
of iodine are evolved ; when a few grains are dissolved in chlo- 
rine-water, the latter assumes a brown color, and, when shaken 
with some chloroform or carbon bisulpiiide, and subsequently 
with a little water added, imparts a fine purple color to the 
chloroform or carbon bisulphide. 

Sodium iodide is freely soluble in water, in glycerin, and in 
alcohol ; 100 parts of water, at 14° C, dissolve 173 parts of the 
salt ; the solution has an acrid, saline taste, and a feeble, alka- 
line reaction ; it gives no precipitate with tartaric acid, with 
sodium bitaJ^rate, or with sodium carbonate, but forms a yel- 
lowish one with argentic nitrate, insoluble in diluted nitric 
acid, and but veiy sparingly soluble in ammonium hydrate. 
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and a vermilion-red one with mercuric eliloride, soluble in ex- 
cess of either reagent. 

Ilxamination : 

Impitritiea and admixtures, less soluble in alcohol, are in- 
dicated by a white turbidity or granular deposit, when a satu- 
rated aqueous solution of the salt is dropped into an excess of 
alcohol fortius. 

Potassium salts are indicated by a white, crystalline pre- 
cipitate in the concentrated aqueous solution, when added to a 
strong solution of sodium bitartrate. 

Chloride and hromide may be detected by completely pre- 
cipitating a warm aqueous solution of the salt, acidulated with 
a few drops of nitric acid, with argentic nitrate ; the precipi- 
tate is separated from the menstruum, as much as practicable, 
by decantation, is washed, and then agitated with a little dilute 
aqua ammoniEe ; the liquid is then filtered, and the filtrate over- 
saturated with nitric acid ; an opalescence of the liquid will take 
place; a precipitate would indicate chloride or bromide. If a 
precipitate be formed, it may be tulleited upon i iilfer, washed, 




and subsequently removed into a test-tube, by piercing the filter, 
and rinsing the precipitate into the tube by means of a wash- 
ing-bottle ; after subsiding, the supernatant watei' is drawn ofi", 
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and the precipitate agitated with ehlorine-water ; if argentiu 
chloride, it remains unclianged ; if hromide, the chlorine-water 
will assume a yellowish or reddish color, which, on agitation 
with chlorofoi-m, will bo transferred to the latter. 

Carbonate may he detected, in the aqneoua solution, by a 
white turbidity when mixed with twice or thrice its volume of 
lime-water. 

Sodium nitrate may be detected, when 10 grains of the 
sodium iodide and 12 grains of argentic sulphate are triturated 
together, with a little water ; the mixture is then transferred 
to a small, tared, moist filter, and the filtrate mixed with an 
equal volume of concentrated solution of ferrous sulphate, and 
subsequently placed upon concentrated sulphuric acid (Fig. 88) ; 
a dark coloration of the line of junction of tfie two liquids 
would indicate nitrate. 

The precipitate upon the filter is washed with tepid water, 
until this, when allowed to drop into dilute hydrochloric acid, 
ceases to produce a turbidity; the precipitate is then washed 
with a little greatly-diluted aqua ammouife, and subsequently 
dried at a temperature not exceeding 90° C. ; it must weigh not 
less than 15 grains, if the sodium iodide employed was pure, 

For Volumetric Estimation, see page 62, 



SODIUM SEU NATRIUM NITRICUM. 
Nitrate of Sodium. Chili Salpetre. Sodium Nitrate. 

Anhydrous, colorless, transparent, obtuse - rhorabohedral 
crystals, slightSy deliquescent, and generally of a moist appear- 
ance ; when thi-own upon burning coals, the salt deflagrates 
with an orange-yellow flame. 

Sodium nitrate is freely soluble in water, but only sparingly 
in alcohol; the aqueous solution, saturated at 18,5° C, con- 
tains 46.81 per cent., and saturated at its boiling-point (121° 
C), nearly 70 per cent., of the salt ; the solution is neutral, has 



by Google 



84i MANUAL OF CHEMICAL ANALYSIS. 

a sharp, cooling, saline taste, and is not acted upon, when di- 
luted, by reagents. 

Ita concentrated solution may readily be distinguished from 
that of potassium nitrate by not being acted upon by a sohi- 
tion of sodium bitartrate, which gives a white, granular pre- 
cipitate with potassium nitrate. 

Examination : 

Salts of the earthy oxides are detected in the solution of 
sodium nitrate, by a white turbidity, upon the addition of solu- 
tion of sodium carbonate. 

Chlorides and sulphates are detected in the diluted solu- 
tion, after acidulation with diluted nitric acid, by white precipi- 
tates when tested, in separate portions, with argentic nitrate 
for chloride, and with barium nitrate for sulphate. 

Metals are detected by a dai't coloration or precipitate, 
when the concentrated solution of the salt is mixed with an 
equal volume of hydrosulphuric acid. 

Sodium Iodide and lodate. — About two drachms of the salt 
are dissolved in one ounce of water, and the solution is equally 
divided into two test-tubes, to one of which a little sulphuric- 
acid mucilage of starch is added ; an ensuing blue coloration 
would indicate either sodium iodide and iodate or sodium io- 
dide and nitrite. When no blue reaction takes place, to the 
second part of the solution is also added a little sulphuric-acid 
mucilage of starch, and it is divided into two portions, and tested 
severally with one drop of solution of potassium nitrite, in the 
one, and in the other by adding, drop by drop, a little hydro- 
sulphuric acid. An ensuing blue reaction, in the first instance, 
would indicate the presence of sodium ioddde ; a reddish, pur- 
ple, or violet coloration, in the second one, sodium iodate. 

Another test for iodide and iodate is to add, to a concen- 
trated aqueous solution of the sodium nitrate, some chlorine- 
water, and to agitate the mixture afterward-witli carbon bisul- 
phide ; the latter, when it has subsided, is separated by means 
of a pipette, and agitated with a little powdered zinc and a few 
drops of diluted sulphuric acid ; a purple coloration of the car- 
bon bisulphide, either at once or upon the latter treatment, 
would contirm the presence of iodine compounds. 
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SODII PHOSPHAS. 

SODIUM SEU NATRIUM PHOSPHORICUM. 

Phuspkate of Sodium,. Tri-iaaic Sodium Phoapliate. 

Colorless, transparent, oblique-rlionibic prisma, terminated 
by four eonverging planes, containing 24 molecules (60.10 per 
cent.) of water of crystallization ; they are readily efiloreBcent, 
losing, when exposed to tlie air at common temperatures, 10 mo- 
lecules (32,25 per cent.) of water, and becoming opaque ; when 
heated to near 100° C, the rest of the water of crystallization 
evaporates. Wiien exposed to a strong heat, sodium phospliate 
first undergoes aqueous fusion, and afterward melts at a red 
heat into a limpid glass of sodium pyrophosphate, which be- 
comes opaque on cooling. 

Sodium phosphate dissolves in 6 parts of cold, and in 2 
parts of boiling, water, but is insoluble in alcohol. Its solution 
has a cooling, saline taste, a faintly alkaline reaction, affords no 
effervescence upon addition of an acid, and gives, with solution 
of completely neutral (fused) argentic nitrate," a bright-yellow 
precipitate, soluble in both ammonium liydrate and nitric acid ; 
the ammoniacal solution remains unchanged, when the test- 
tube, wherein it is contained, is immersed in boiling water (dis- 
tinction from the similar argentic arsenite, whose ammoniacal 
solution deposits metallic silver upon the walls of the test-tube 
upon warming). With solution of ammoniated magnesium 
sulphate, sodium phosphate gives a white precipitate, insoluble 
in an excess of the salt as well as of the reagent. 

Xxamiuation : 

Bodivmh carboruite is detected by effervescence, upon the 
addition of hydrochloric acid to the concentrated solution of 
the salt. 

Sulphates and chlorides are detected in the diluted solution, 
strongly acidulated with nitric acid, when tested in separate 
portions, with barium nitrate for sulphate, and with argentic 
nitrate for chloride. 

MetaUie Jinpitrities. — About half an ounce of the salt is 
dissolved in one ounce of boiling water, and the solution added 
to about 3 ounces of hydrosulplmric acid in a flask ; about one 
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drachm of diluted hydrochloric acid is added, and the flask 
corked and allowed to stand in a warm place for about 12 
hours. A yellow precipitate wonld indicate arsenic, a dark 
one metallic impurities. 

As a confirmatory test, or if the presence of other metals 
requires a special test for arsenic, 20 grains of the sodium phos- 
phate are dissolved in ahout one drachm of boiling water in a 
wide test-tube ; half a fliiidounce of pure, concentrated hydro- 
chloric acid is then added, and a strip or roll of bright copper- 
foil completely immersed in the fluid ; the tube is then dipped 
into boiling water, and allowed to stand therein for half an 
hour. The copper must remain bright ; a grayish or grayish- 
black coating of the copper would be evidence of the presence 
of arsenic. 



sodh pyrophosphas. 
sodium seu natrium- pyrophosfhoricum. 

I^rophosphate of Sodium. Sodium I^jro- or TetraphosphaU. 

Colorless, transparent, brilliant, rhomhoidal plates, or a 
white granular powder, containing ten molecules of water of 
crystallization, permanent in the air; when exposed to heat, 
the Bait gives off its water of cryetallization, fuses, and, on cool- 
ing, concretes to a crystalline semi-transparent mass. 

Sodium pyrophosphate dissolves in ten parts of cold water, 
forming a slightly alkaline solution, which renders a white pre- 
cipitate and a neutral menstruum with argentic nitrate, and a 
white granular precipitate with ammoniated magnesium sul- 
phate, insoluble in an excess of either the reagent or the salt. 
When solution of sodium pyrophosphate is boiled for some time, 
the salt returns to the state of the tri-basic phosphate, and re- 
gains the properties, and renders the reactions, of tri-basic 
sodium phosphate (page 345). 



Carbonate is detected in the solution of the salt, by efter- 
upon the addition of a little concentrated nitric acid. 
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Sulphate and cJAoride may be detected in the diluted solu- 
tion, after acidulation with nitric acid, by white precipitates 
when tested in separate portions, with bariara nitrate for the 
former, and with ai^entic nitrate for the latter. 

MetaUio imparities are detected by mixing the concentrated 
solution of the salt with an equal volume of liydrosiilpburie 
acid, and subsequently acidulating with diluted nitric acid. 



SODII SULPHAS. 

SODIUM SEU NATRIUM SULI'HURiCUM. 
Sulpliate e/SoMum. GloAiher^s Salt. Sodium Sulphate. 

Colorless, transparent, six-sided, striated, oblique prisms, 
containing ten molecules (56 per cent.) of water of crystalliza- 
tion, efflorescent, and gradually losing water and crumbling to 
a white powder. Exposed to lieat, the crystals undergo iirst 
aqueous, and subsequently igneous, fusion. 

Sodium sulphate is very soluble in water ; 100 parts of 
water at 0° C. dissolve 12 parts, at 18" 0, 48 parts, at 25" 0. 
100 parts, and at 33° 0. 323.6 parts, of the crystallized salt ; 
above that temperature the salt passes into the anhydrous state, 
in which it is less soluble, and the solution then separates salt 
upon an increase of lieat {see foot-note on page 334). The solu- 
tion has a salty and feebly bitter taste, is neutral, remains un- 
altered with sodium carbonate as well as with sodium bitar- 
trate, and gives a granular white precipitate with lime-water, 
and a copious white one with solutions of both barium and lead 
salts, which latter precipitates are insoluble in diluted acids. 

Fifty grains of crystallized sodium sulphate, dissolved in 
two ounces of water acidulated with hydrochloric acid, give, 
when completely precipitated with barium chloride, a precipi- 
tate which, when collected upon a tared filter, washed, and 
dried, should weigh T2.2 grains. 

Examination : 

A solution of one part of the crystallized salt in four parts 
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of water, tested ■with blue and with red litmus-paper, must not 
change the color of either. 

Chloride may foe detected in the diluted solution, acidu- 
lated with nitric acid, by a white turbidity or precipitate with 
argentic nitrate; 

Amtnommn sulphate may be recognized by the odor aa weU 
as by the rise of white vapors, when a little of the triturated 
salt is heated in a strong solution of potassium hydrate and a 
glass rod, moistened with acetic acid, is held in the orifice of 
the tesWube. 

Magnesiv/m and calcium salts are detected in the solution 
by a white precipitate with sodium carbonate ; a reddish or 
brownish appearance of the precipitate would indicate metallic 
impurities (iron and manganese) ; the presence of manganese 
saUa may be confirmed by a brown precipitate upon the addi- 
tion of solution of chlorinated lime to tlie solution of the sodium 
sulphate, that oiiron by a blue turbidity, when the solution of 
the salt is acidulated with hydrochloric acid and tested with 
potassium ferrocyanide. 

Metals may further be detected in the diluted solution by 
introducing ammonium eulphydrate, and allowing the mixture 
to stand for a few hours ; a white turbidity would indicate sine, 
and a brownish-black one, c<^jper ; a greenish-blacl; one would 
confirm the presence of iron, and a pale-reddisli one, that of 



If a test for arsenic is required, about 30 grains of the crys- 
tallized sodium sulphate are dissolved in one drachm of warm 
water in a wide test-tube ; half a fluidounce of concentrated 
hydrochloric acid is added, and a strip or roll of bright copper- 
foil completely immersed in the fluid ; tlie tube is tiien dipped 
into boiling water and allowed to stand in the water for half an 
hour. The copper must remain bright ; a grayish-black coat- 
ing would indicate arsenic. 

/Sulphite and hyposulphite may be detected in a solution of 
one part of the salt in three parts of water, by mixing it with 
one-third of its volume of concentrated hydrochloric acid, and 
heating it gently with a few grains of granular zinc ; the pres- 
ence of either of the above salts will give rise to the formation 
of hydrosnlphuric acid, which may be recognized by placing a 
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Bmall tuneli of cotton, moistened with solution of plumbic ace- 
tate, in the orifice of the tuhe, or by closing it with bibulous 
paper moistened with the plumbic solution (Fig. 89). 





A black coloration of the 6olutiou would show the presence 
of either or both the above salts. 
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SOSU SUIiPHIS. 

SODIUM SEU NATRIDM SULFH TIRO SU M. 

SulpMte of Sodium. Sodium Sulphite. 

Colorless, opaque, prismatic crystals, containing seven 
molecules (50 per cent.) of water of crystallization ; on expos- 
ure to the air tliey effloresce somewhat, and the salt is gradu- 
ally converted into sulphate, emitting a feeble odor of eulpliur- 
0U9 acid. This liability to decomposition is retarded, and the 
salt mad© more permanent, by exsiccating it at a gentle heat, 
when it undergoes aqueous fusion, loses its water of crystalliza- 
tion, and becomes wliite. It is this form in whicli Eodinm sul- 
phite is now treqnently met with. When tliis salt is exposed 
to a strong red heat, it fuses to a dirty yellowish mass, consist- 
ing of sodium sulphate and sulphide, which may be separated 
by extracting the cold residue with strong alcohol, wliich dis- 
solves the sulphide, but not the sulphate. 

Crystallized sodium sulphite is soluble in 4 parts of cold, 
and in less than its own weight of boiling, water, but only 
sparingly in alcohol ; its aqueous solution has a feeble alkaline 
reaction, and becomes turbid upon heating, but limpid again 
on cooling ; on exposure of the solution to the air, the sulpliite 
is gradually converted into sulphate with the separation of sul- 
pliur, as it is also by treatment with oxidizing agents, such as 
chlorine, hypochlorous acid, nitrous acid, etc. When acidu- 
lated, solution of sodium sulphite acts as a powerful reducing 
agent ; it emits sulphurous acid upon the addition of strong 
acids, slowly when cold, freely on warming, and witli tlie sep- 
aration of sulphur; when this test is performed with hydro- 
chloric or sulphuric acid, and with tbe addition of a little zinc, 
hydrosalphurie acid is evolved. With barium chloride or ni- 
trate, solution of sodium sulphite forms white precipitates, sol- 
uble in diluted hydrochloric acid. 

Szamwatioa : 

Sodivim sulphate may be detected in the diluted solution of 
the salt, by precipitating it with barium chloride, and by de- 
cantation of tlie supernatant menstruum after subsiding ; the 
precipitate is once or twice washed witli a little cold water, and 
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then treated with diluted hydrocliloric acid, wherein it should 
be wholly soluble ; au iusoluble residue will indicate the pres- 
ence of sulphate. 



SFIIUTUS .STHERIS NITB03I. 

SPIRITUS NITROSO-^THEREUS. SPIRITUS NITRI DULCIS. 

Steeet Spirit of lH'itre. Spirit of Nitrvut Siher. Aleo\olia Solution of 

Ethyl MtHte. 

A colorless, or pale-yellow, volatile liquid, of a fragrant, 
ethereal odor, and sharp, aromatic, sweetish taste; its spec, 
grav. ia 0.83T TJ. S. Pharm., 0.845 Brit, Pharm., and 0.840- 
0.850 Pharm, Germ,, and it should contain between 4 and 5 
per cent, of ethyl nitrite. It is inflammable, reddens blue lit- 
mus-paper not at all or only faintly, and assumes a dark color 
upon tlie addition of a few drops of a solution of feiTons chloride. 

Spirit of nitrous ether is miscibie with water, alcohol, chlo- 
roform, ether, carbon bisulphide, benzol, and essential and fatty 
oils. A portion of the spirit, in a test-tube half iiiled with it, 
plunged into water heated to 63° C, and held there until it has 
acquired that temperature, will boil distinctly on the addition 
of a few small pieces of glass. 

Sxamination : 

Aldehyde is indicated by a brown coloration of tlio spirit 
when agitated in a test-tube with a few fragments of fused po- 
tassium hydrate. 

jle;'(/s.— Spirit of nitrous ether containing so much of free 
acid as to have a perceptible sour taste and an acid reaction 
upon bhie litmus-paper, and to cause the rise of gas-bubbles 
from a few crystals of potassium bicarbonate when dropped 
into it, cannot be considered admissible for mediciual use. 

Ethyl chloride may be detected by burning away a small 
quantity of the spirit upon a little water in a porcelain capsule, 
and by subsaquently testing the water, after acidulation with a 
few drops of nitric acid, with a few drops of solution of argen- 
tic nitrate ; the occurrence of a white turbidity would indicate 
tiie presence of ethyl chloride. 
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Ug Alcohol. — About one ounce of the spirit ia shaken 
■with 30 to iO grains of anhydrous (exsiccated) potassium car- 
bonate ; after subsiding, the supernatant spirit is decanted ; 
about half a fluidounce of this dehydrated spirit is introduced 
into a small flask, or a test-tube of a proper size (Fig. 90), SJ 




drachms of anhydrous calcium chloride in powder are added, 
and, after thoroughly mixing, the fiaslc is connected with a con- 
denser, and is then placed in a water-bath for distillation ; this 
distillation is continued until one and a half fluid-drachm of 
distillate have been obtained. The teat-tube is then removed 
from the water-bath, and, when cool, one draclim of water is 
added, and the distillation once more resumed until a little 
more than half a fluid-drachm of distillate is obtained. The 
latter distillate is mixed with half an ounce of water, wherein 
30 grains of potassium bichromate and 30 drops of concentrated 
sulphuric acid have been dissolved. After having allowed the 
mixture to stand for a c[uarter of an hour, it also is submitted to 
distillation, until half an ounce of distillate ig obtained ; to this 
30 grains of crystallized sodium carbonate are added, in a por- 
celain capsule, and the whole evaporated to half its hulk; it is 
then slightly over-saturated with acetic acid, filtered into a test- 
tube, and a eolution of one grain of argentic nitrate in half a 
drachm of water acidulated with two drops of diluted acetic 
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acid added, and the whole gently boiled for about two miii- 
utea. If the spirit Is free from methyiic alcohol, the solution 
darkens, and often assumes transiently a pui'plish tinge, but 
continues quite transparent, and the test-tube, after being rinsed 
out and filled with water, appears clean. But, if the spirit con- 
tains even traces of inethylic alcohol, the liquid becomes at first 
brown, then almost black and opaque, and a film of silver is de- 
posited on the tube, which appears brown by transmitted light. 
When only 3 to i per cent, of metiiylic alcohol are present, 
the film is snfiiciently thick to tbrm a brilliant metallic mirror. 
EsiAmation of the Quantity of Mhyl Nitrite. — One hun- 
dred grains of the spirit of ni- 
trous ether are macerated in a 
little corked flask for 12 hours, 
with occasional agitation, with 
12 to 15 grains of fused potas- 
sium hydrate ; the ethereal 
odor will then have disappear- 
ed, and the liquid is poured 
into a beaker, diluted with 
an equal bulk of water, and 
left in a warm place until tlie 
odor of alcohol h^ also disap- 
peared. The remaining so- 
lution is ■ then slightly acidu- 
lated with diluted sulphuric 
acid, and tested by deliver- 
ing into it test solution of 
potassium pennanganate, con- 
taining a certain and known 
quantity of the permanganate 
in each centimetre, or volume- 
unit, drop by. drop, and with 
constant stirring, until the col- 
or of the permanganate ceases 
to be discharged {Fig. 91). 
The number of grains and 

parts of grains of potassium permanganate required for the 
test is readily calculated from the volume of- the solution 




by Google 



354 MANUAL OF CHEMICAL ANALYSIS. 

need ; and this niimber, multiplied by 1.18, indieates at once 
the percentage of ethyl nitrite contained in the spirit. 



BTRTCHNINITM. STEYCHNIUM". 
Strychnia. Strychnine. 

Small, brilliant, octahedral crystals, colorless and trans- 
parent, or a white, crystalline powder, permanent in the air. 
Heated upon platinum-foil, strychnia melta, and spreads over 
the foil lilje melted resin ; it partly volatilizes without decom- 
position; most of it, however, is decomposed, leaving a charred 
residue, which, at a stronger heat, is wholly dissipated (evi- 
dence of the absence of fixed admixtures). 

Strychnia is almost insoluble in cold water, in absolute 
alcohol, and in ether^ and only sparingly soluble in boiling wa- 
ter, but it dissolves freely in boiling alcohol, in chloroform, and 
in strong and dilute acids, as also, to 
some extent, in alcohol containing 
water; 100 parts of such alcohol, 
cold, of a spec, grav, of from 0,890 
to 0.880, dissolve five parts of 
strychnia. The alcoholic solution 
has a feeble alkahne reaction upon 
test-paper, and an intensely bitter 
taste. One grain of strychnia re- 
quirea for solution about 1 onnccs 
of boiling, and 1(5 ounces of cold, 
water ; and these solutions, even 
when greatly diluted, preserve the 
intensely bitter taste of strychnia ( 

When a few drops of cold con 
centrated nitric acid are added b^v 
means of a glass rod or a small pi 

pette (B'ig. 92), to a little stryclmn, or it^ salts, on a watch- 
glass, it dissolves without aii-y culoi or with only a pale- 
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greenisli or yellow tint (distinction from triicia and mor- 
phia, and their salts, which give iutensely red solutione). 
Strong sulphuric acid also dissolves strychnia and its salts 
without color (distinction from hriicia, veratria, and saiiciii, 
which yield red or purple reactions) ; but, when a minute 
fragment of a crystal, or one drop of a solution of potassium 
bichromate or permanganate is added, the solution assumes 
at once a deep-violet or blue color, which successively changes 
from violet to red, and finally to green or yellow. This char- 
acteristic reaction * may also be peiformed upon a porcelain 
plate, or a glass-pane placed upon white paper, by allowing 
four drops of concentrated sulphuric acid to fall on the plate, 
two upon about half a grain of strychnia each, the third upon 
a small fragment of potassium bichromate, and the fourth upon 
a small fragment'of a crystal of potassium permanganate; the 
drops with the two reagents are then drawn by a glass rod, 
each to one of tlje colorless drops containing the strychnia ; the 
intense coloration will occur at once. 

When a cold, saturated alcoholic solution of strychnia is 
mixed with about an equal volume of an alcoholic solution of 
ammonium sulphydrate, and the mixture is allowed to stand 
for 12 honrs, long, bnlliant, orange-red needles are formed, 
which are insoluble in water, alcohol, ether, and carbon bisul- 
phide, but which ai'a decolorized and decomposed when treated 
with concentrated sulphuric acid, with the formation of strych- 
nia sulphate, and of an oily compound, which, in contact with 
water, is resolved into sulphur and hydrosulphurie acid. 
Strychnia ouly is known to render this reaction. 

"When about two grains of strychnia are agitated with five 
fluid-drachms of warm water, they will not wholly dissolve, but 
will do so at once upon the addition of a few drops of diluted 
sulphuric acid ; this solution, whentested in separate portions, 
will yield precipitates with tannic acid, with potassio-mercurie 
iodide, and with iodinized potassium iodide ; it will remain un- 
altered with potassium bicarbonate (distinction from the cin- 
chona alkaloids), but it will yield a white precipitate with the 

* Only aniline and its salts are known to render, with the same reagent, a simi. 
lar reaetion, whicb, howerer, is less of a violet, and more of a blue tint throughout, 
and which doea not appear immedialelj. 
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alkaline hydrates, insoluble in an excess of the precipitant 
(further distinction from morphia), and also insoluble when 
agitated with ether, but soluble in chloroform, 

Ezammation : 

Incidental or fraudulent admixtures of other alkaloids are 
recognized by the above-described characteristics and reactions 
of strychnia. 

Bruda and saUcin are indicated by a red coloration with 
either concentrated nitric or sulphuric acid. 

Brucia may also be recognized by its ready solubility in 
absolute alcohol (wherein strychnia is almost insoluble), and by 
the reaction of its solution in strong nitric acid with stannous 
chloride or eodium hyposulphite. "While pure strychnia renders 
a pale-green or yellowish solution with strong nitric acid, thia 
will appear more or less red, if brucia be present, and will 
assume, upon the addition of solution of stannous chloride or 
of sodium hyposulphite, a deep violet color, which will not dis- 
appear upon dilution with water ; if the latter reagent has been 
employed, a white turbidity from the separation of sulphur will 
occur after a while. 

8a/ntonin is known by its insolubility in dilute acids, and 
by its property of becoming lemon-yellow when the sample, 
covered with a sheet of thin white paper, is exposed to solar 
light for one or two days. 

Cviicho7ia alkaloids may be detected by a white precipitate, 
when a solution of two grains of the strychnia in two drachujs 
of water and three drops of diluted sulphuric acid is tested with 
solution of potassium bicarbonate. 

Cmehonia may also be recognized ])y its insolubility in 
chloroform, remaining behind when a little powdered strychnia 
is exhausted with that solvent ; its identity may then be ascer- 
tained by its properties, described on page 182. 
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STAYCHNI^ NITKAS. 

STETCHKINUM SECT STRYCHNIUM NITEICUM. 

Nitrate of Strychnia or Strychnine. Strychnia Nitrate. 

Colorle^, transparent, flexible needles of a silky lustre; 
■when heated upon platinum-foil, they become slightly yellow, 
melt, and are finally wholly dissipated (evidence of the absence 
of fixed admixtures). 

Strychnia nitrate is soluble in 60 parts of cold, and in three 
parts of boiling, water; it is also soluble in dilute alcohol and 
in chloroform, but only sparingly in strong alcohol, and almost 
insoluble in absolute alcohol, and in ether. Its solutions are 
neutral, and have an intensely bitter taste. 

Strychnia nitrate answers to all the reactions of strychnia, 
and may be recognized by the characteristic coloration with 
strong sulphuric acid and potassium bichromate or pei-manga- 
nato, as described on page 355. The evidence of being a niti-ate 
may readily he obtained by decolorization, when its solution is 
faintly blued with sulphuric-acid indigo-solution, and heated, 
or by dissolving a few grains of the salt, and an equal quantity 




of ferrous sulphate, in a little diluted sulphuric acid, and placing 
the colorless solution upon concentrated sulphuric acid (Fig. 
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93} ; a dark-brown coloration will take place at the junction of 
the two liquids. 

The methods for testing the purity of strychnia nitrate are 
the same as described with strychnia, on pages 355, 35(). It 
needs only to be added that the salt should not emit aramo- 
iiiacal odors, when heated with liquor potassfe, nor cause the 
rise of white vapors, when a glass rod, moistened with acetic 
acid, is held over the orifice of the test-tube. 



STBYOHNIffi SULPHAS. 

STEYOimiKUM SEU STRYCHNIUM SULPnURICDM. 

Sulphate of Stryehma or Strychnine. Strj/ehnia Sulpliate. 

Fine, colorless, and transparent prismatic crystals, contain- 
ing seven molecules (nearly 14 per cent.) of water of crystalli- 
zation; slightly efflorescent on exposure to the air; when 
heated, they melt, and lose the water of crystallization ; at a 
strong heat, they burn away without residue (evidence of the 
absence of fixed admixtures). 

Stiychnia sulphate is soluble in 42 parts of cold, and in 
about two parts of boiling, water ; it also dissolves, in nearly 
the same proportions, in dilute alcohol, but only sparingly in 
strong alcohol, and is almost insoluble in absolute alcohol and 
in ether. Its solutions are intensely bitter ; their deportment 
with reagents answers to that of strychnia, and they also ren- 
der the characteristic reaction with sulphuric acid and potas- 
sium bichromate or permanganate ; the evidence of being a 
sulphate may be obtained by the white precipitate which ba- 
rium nitrate yields with a solution of strychnia snlphate in di- 
lute nitric acid. When heated with liquor potassB, the salt 
should not emit ammoniacal odors, nor should it cause the rise 
of white vapors when a glass rod, moistened with acetic acid, 
is held over the orifice of the test-tube. 

Tlie purity of tlie salt may be ascertained by the same tests 
as described with pure strychnia, on pages 355, 356. 
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LAC SULPHUKIS, 

Preeipitated Sulphur. 

A fine, sliglitly coherent powder, of a pale yellowish or 
grayish color, without taste or smell, and tree from gritti- 
ness, consisting, when seen under the microscope, of minute, 
opaq^ue globules, without any admixture of crystalline matter. 
When thrown upon burning coal, or heated in an open vessel, 
preeipitated sulphur first emits a little liydrosulphuric-aeid gas, 
then fuses and burns wholly away at a stronger iieat. 

Precipitated sulphur is insoluble in the common solvents, 
but is dissolved readily and wholly in carbon bisulphide, and 
in strong, boiling solutions of potassium and sodium hydrates, 
and also more or less in benzol, in hot oil of turpentine, and 
other essential and fatty oils. 

Examinatioii : 

Fixed admwii/ures are indicated by a white ash left "behind 
upon complete dissipation of about 10 grains of the sulphur in 
an open porcelain crucible. 

Cahitim 8ulp/iate. — About one drachm of the sulphur is 
triturated with about 6 fluid-drachms of tepid water, and the 
mixture agitated for a few minutes until cold, when it is fil- 
tered ; the filtrate must not act upon test-paper, as an acid re- 
action would indicate long exposure to the air ; nor must it 
leave any residue upon evaporation upon a watch-glass, whicli 
would indicate either insufficient washing, or an admixture of 
a soluble fixed compound ; a white precipitate of the filtrate, 
when tested with ammonium oxalate in one portion, and with 
a few drops of nitric acid and barium nitrate in another por- 
tion, would indicate calcium sulphate. 

Earthy Carbonaten or Phosphates. — When, the sulphur 
leaves a residue on incineration, or on solution in carbon bi- 
sulphide, about 20 grains of the sulphur are digested for several 
hours, with occasional agitation, with about 3 fluid-drachms of 
a mixture consisting of equal parts of concentrated hydrochloric 
acid and water; effervescence upon the addition of the acid 
would indicate the presence of carbonates. The mixture is 



by Google 



360 MANUAL OF CHEMICAL ANALYSIS. 

then filtered, and one portion of the filtrate over- saturated with 
sodium carbonate ; an ensuing white precipitate would indicate 
the presence of the above admixtures ; the other portion is 
tested with ammonium molybdenato, a yellow coloration of 
the liquid, and after a while a yellow crystalline deposit, would 
indicate phosphates (if the sulphur be free from araenic). 

Any adiuixture, except powdered resin or pitch, which are 
recognized by a sooty flame when ignited, and by their solu- 
hility in strong alcohol or ether, may be quantitatively deter- 
mined by remaining behind upon solution of a known quantity 
of tJie sulphur in carbon bisulphide, or, when calcium sulphate 
is the only admixture, by complete incineration of a weighed 
quantity of the sulphur in a tared porcelain crucible; the 
weiglit of the remaining anhydrous calcium sulphate, witli one- 
fourth thereof added to make up for the loss of the water of 
crystallization, gives the amount of crystalline calcium sulphate 
present in the quantity of sulpliur under examination, 

Arsenio may be detected by triturating and digesting about 
30 grains of the sulphur with half an ounce of solution of am- 
monium sesqui-carbonate, or aqua ammonite, in a corked test- 
tube, for about one hour, with occasional agitation ; the liquid 
is then passed through a filter, and a portion of tiie filtrate over- 




saturated with hydrochloric acid ; the formation of a yellow 
precipitate would indicate arsenic ; the rest of the filtrate is 
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evaporated to dryness in a small poreelnin eapanle ; if a residue 
remains, it is scraped off by triturating it witli a few grains of 
powdered magnesite, or pumice-stone ; a few grains of potassi- 
um cyanide are added, and the mixture gently wai'med so aa to 
expel moisture ; it is then introduced into a reduction-tube 
and heated (Fig, 94); whereupon, the formation of a metallic 
mirror and the evolution of a garHc-like odor would further 
indicate ai'senic. 

An admixture of sto/reh may be recognized by examination 
of the precipitated sulphur under the microscope, or by boiling 
about 10 grains of it with 2 fluid-draelims of water, and t,est- 
ing the liquid with one drop of iodiiiized potassium iodide. 
The occuiTcnce of a blue coloration would show such an adul- 
teration. 



SULPHUR SUBLIBtATUM. 
FLORES SULPHURIS. 
SiAliraed Sulphwi; 

A. gHtty, yellow, tasteless, and odorless powder, consisting, 
■when seen under the microscope, of a mixture of minute, 
smooth globules, and of rhombic-octahedral crystals. "When 
heated in a dry tube, sulphur fuses at about 113° C, forming 
an amber-colored fluid, which, when heated to 240° C, becomes 
more and more thick and tenacious, until, beyond 260° C, it 
becomes thin and liquid again, and boils at 420° C, volatilizing 
in colorless vapors, which condense on cooling ; when heated 
with free access of air, sulphur takes lire at about 270° C, and 
slowly burns away with a pale-blue flame, forming sulphurous- 
acid gas. 

Sublimed sulphur is insoluble in water, and aknost insolu- 
ble in alcohol and in ether; it dissolves to some extent in clilo- 
roform, and for the mc«t part in carbon bisulphide,* in benzol, 

• Both the amorphom (spec grav. 1.95) and the prismatie {spec. grav. 1.BS3, 
fuRing.point 120° C.) modifications of sulphur are almost insoluble in carton bi- 
Bulpliide, while the oclahedral form (spec gray. 2.045, fusing-jioint 115° C) ia 
readily soluble therein. Both the former vavleties pass into the octahedral form, 
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and in warm or toiling essential and fatty oils ; it is wholly 
soluble in warm liquor potaesEe or sodse. 

Ck)mmercial sublimed sulphur has generally an acid reac- 
tion upon moist test-paper, and contains traces of oxygen acids 
of sulphur, occasionally also of selenium, and frequently of 
sulphides of arsenic, all which impurities have to be eliminated 
from such sulphur as is intended for medicinal use (Solphue 
LoTTJM, Sulphite depdeatum) ; this is done by dig^ting the 
crude sublimed sulphur for a few days with very dilute aqua 
ammonias, or with a solution of ammonium sesqui- carbonate, 
and by subsequent thorough washing with water, and drying. 

XxamiuatiDii : 

"Washed sulphur should not redden moist blue litmns-paper, 
nor affect the color of water which has been slightly blued with 
litmus-tincture, when agitated with a little of the sulphur. 
"Warm water, when rubbed with the sulphur in a mortar, 
should render a filtrate which leaves no residue on evaporation 
on platinum -foil or on a watch-glass. 

Mineral and jkced admixtwes are recognized by remaining 
behind, either iipon complete dissipation of the sulphur in a 
porcelain crucible, or upon solution of about 20 grains of the 
suljihur in a strong boiling solution of potassium or sodium 
hydrate. 

Arsenic may be detected by digesting the sublimed sulphur 
for several hours, with abont four times its weight of a dilute 
solution of ammonium sesqui-carbonate. This dissolves only 
the arsenic sulphides ; they may be recognized by a yellow 
precipitate, either at once or after a while, wlien a portion of 
the filtrate is over-saturated with hydrochloric acid, and by a 
yellow residue upon evaporation of the filtrate on a water-bath, 
and also by the formation of a metallic mirror when this resi- 
due is heated in a dry reducing-tube with potassium cyanide 
(Fig. 94, page 360). 

Selehiur/t may be detected by heating to boiling a mixture 

elowly at ordinary temperfltures, and more rapidly at Uiglier ones. Therefore, the 
older sublimed sulpiiuc is, the more soluble it is in oacboii bisulphide. 

There ove, howerev, minor TBrieties of both the amorphous and tVia erystallloo 
modifications of sulphur, which appear to differ in their deportment with solvents, 
and thoctiby also ta alter the aolubilitj of sublimed sulphur in carbon bisulphide. 
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consisting of about one draehm of the sulphur, and a solution 
of lialf a dradim of potassium cyanide in one ounce of water; 
wlien cool, tliis mixture is filtered, aud tlie filtrate over satu- 
rated with concentrated hydrochloric acid — taking care not to 
inhale the vapors of the evolved hydrocyanic acid ; the solution 
ia allowed ta stand in a corked vial for about 24 hours. A 
reddish turbidity or deposit ^Vould indicate selenium. If the 
sulphur contains arsenic sulphides, they will give rise to tlte 
simultaneous formation of a yellow precipitate, wliieli, how- 
ever, will appear more or less reddish in hue when selenium is 
contained in the sulphur. 



StTLPHUEIS lODIDtTM. 

SnLPHOE lODIDUM. SULPHUR lODATUiSI. 

Iodide of SulpJiur. Sulphur Iodide. 

Grayish-black, flat plates, or fragments of plates, of a radi- 
ated, crystalline fracture, and the odor of iodine. Sulphur 
iodide ia an unstable compound, and is readily decomposed ; 
on exposure to the air, iodine evaporates gradually ; it is also 
decomposed by boiling water, and, when heated in the air, the 
iodine passes oif in vapor, and is wholly expelled, leaving be- 
Iiind sulphur, which burns away at a strong heat with a pale 
blue flame. 

Sulphur iodide is insoluble in water, but this takes up a trace 
of iodine ; it ia soluble in about 60 parts of glycerin ; alcohol, 
as well as atrong solutions of potassium iodide, or of potassium 
hydrate, deprives it completely of the iodine, leaving the sul- 
phur behind ; in this way, sulphur iodide may be examined by 
exhausting 50 grains of it with alcohol ; only 10 grains of snl- 
phur should remain behind, and, when this is divided into two 
portions, one of them sliodd bum away at a strong heat, with 
the odor of sulphurous acid, and the other must be completely 
soluble in carbon bisulphide. 
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TERATBTA, 

TERATRINUU. VERATRIUM. 

Veratria, Veratrine. 

A. white or grayish-white coherent powder, or minute, efflo- 
rescent prismatic crystalB, without smell, but exciting violent 
sneezing when admitted into tlie nostrils. Heated upon plati- 
num-foil, veratria fuses into a yellow liquid, which, on cooling, 
solidifies to a transparent yellowish mass ; at a stronger heat, 
it is charred, and bums wholly away. 

Yeratria ia soluble in three parts of cold alcohol, and freely 
in acids, in ether, and in chloroform, leas so in amylic alcohol, 
and only sparingly in cold, as well as in boiling, water, but 
readily upon the addition of acids. The solution in diluted aeids 
has a persistent acrid, though not bitter, taste, causing a sensa- 
tion of tingling, with nambuess of the tongue. It has an alka- 
line reaction, and gives a white precipitate with 'tannic acid 
and with potasaio-mercuric iodide, a brown one with iodinized 
solution of potassiuhi iodide, and a white one with the alkaline 
hydrates, insoluble in an excess of the precipitant, but soluble 
in alcohol, ether, and chloroform ; when concentrated sulphu- 
ric acid is added to the solution of veratria, so that heat is 
evolved, it assumes a purple coloration ; concentrated hydro- 
chloric acid produces the same color, though less intense, and 
not without heating the mixture. 

Concentrated sulphuric acid dissolves veratria, with a yellow 
color, which successively becomes orange, purpie, and deep red 
or violet ; gentle heat accelerates this reaction ; concentrated 
hydrochloric acid dissolves veratria without color ; the solution 
becomes purple, however, upon heating. Concentrated nitric 
acid does not effect any coloration with veratria ; nor does con- 
centrated sulphuric acid, when diluted with one-third its bulk 
of water, produce any coloration, unless heated. 

!&zaTiiiiiatioii : 

Mineral or other insoluble admitetures may be readily de- 
tected by their insolubility in chloroform and in alcohol. 

Bruaia remains behind upon solution in ether ; * it may 

* The Bolubilitj of eommGrcial Teratria in ether varies, some kiniis being less 
readily siilublQ, and the crystalline more so than the amorphous. 
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also be confirmed or recognized ty dissolving a little of the 
veratria in some concentrated mtrie acid, diluted with an equal 
part of water; veratria yields a colorless solution, which, how- 
ever, will appear red when hrucia is present ; the red solution 
ves way to a yellow color upon heating the test-tube by dip- 
ng it in boiling water ; this yellow, however, will turn deep 
iolet upon the addition of a few grains of stannous chloride 
or sodium hyposulphite. None of these color-reactions will 
take place with pure veratria. 



ZINCI ACETAS. 

ZINCUM AOETICUM. 

Acetate of Zinc. Zinc Acetate, 

Colorless, translucent plates, or lamellar, rhombic prisms, 
of a pearly, unctuous lustre, flexible, and with a faint odor of 
acetic acid, which is freely evolved when the crystals are 
treated with sulphuric acid ; they contain three molecules 
(22,88 per cent.) of water of crystallization, and are ordinarily 
permanent in the air, but efHorescent in air that is dry and 
warm. "When heated upon charcoal, before the blow-pipe, zinc 
acetate undergoes aqueous fusion, solidifies again, after the 
evaporation of the water of crystallization, and emits vapors of 
acetic acid, and the products of the decomposition of the latter ; 
finally zinc oxide is left behind, yellow while hot, white when 
cold. "When this residue ie moistened with one drop of solu- 
tion of cobaltous nitrate, and heated to redness, it will appear 
green, after cooling. 

Zinc acetate dissolves in 3 parts of cold, and in 1^ part of 
boiling, water, and in 30 parts of cold, and about 3 parts of 
boiling, alcohol ; the aqueous solution has an astringent, me- 
tallic taste, and a slightly acid reaction, and gives only a white 
turbidity or an incomplete precipitation with hydrosulphnrie 
acid, but a complete one with ammonium sulphydrate ; it forms 
white precipitates with the alkaline hydrates and carbonates, 
of which those with the liydrates, and with ammonium carbon- 
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ate, are redissolved by an excess of the precipitant, laiit these 
sohitions are precipitated f^ain, by boiling, if not too con- 
centrated. 

Solution of zinc acetate acquires a red co]or,upon the addi- 
tion of a few drops of dilute sobition of a ferric salt. 



MetaUio and ewrthy iiTipuriiies are indicated by a pi'ecipi- 
tate, wben tlie aqueous solution, after aeidnlation with acetic 
acid, is mixed with an equal volume of hydrosulpliuric acid, 
and allowed to stand for a few hoars, and by a not qnite white 
precipitate when this liquid is arterwai'd slightly over-saturated 
with ammonium hydrate. 

Magnesium salts may also be recognized, in the solution of 
zinc acetate, by mixing the latter witli so much ammonium 
sesqui-earbonate as is required to redissolve the precipitate 
formed at lirst ; one or two drops of phospboiic acid are then 
added, and will cause a white precipitate, if magnesia be pres- 
ent. 

Alkaline salts may be recognized by a strong alkaline reac- 
tion, when about 10 grains of the salt are completely reduced 
upon charcoal, before the blow-pipe, and the residue tested with 
moist blue litmus-paper. 



ZIHCI CHLOBIDTTM. 

ZINCUM CHLOEATUM. ZIKCUM MURIATICUU. 

Cliloride of Zine. Zinc Chloride. 

A colorless, coherent, granular powder, or colorless, opaque, 
fused rods or fragments of tablets, very deliquescent and 
caustic. When heated upon charcoal or platinum-foil, zinc 
chloride fuses at about 235° 0,, and volatilizes, emitting thick, 
white vapors, and leaving behind a slight coating, yellow when 
hot, white when cold. 

Zinc chloride is soluble in water, glycerin, alcohol, and 
ether, giving more or less turbid, and slightly acid, solutionSj 
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which, however, become clear upon the addition of hydrochlo- 
ric acid ; the aqueous solution is precipitated by the alkaline 
hydrates and carbonates, forming white precipitates, which, 
with the exception of those with potassium or sodium carbon- 
ate, are soluble in an excess of the precipitant; these last solu- 
tions may be reprecipitated either by hydroeulphuric acid or 
by boiling. The solution of zinc chloride, acidulated with 
nitric acid, yields, when diluted with water, a curdy white pre- 
cipitate with argentic nitrate, soluble in aqua ammonise, and 
it occasions white precipitates with liquids containing albumen 
or gluten. 

Examination : 

Salts. — About 10 grains of the zinc chloride are dissolved 
in 10 drops of water and two drops of concentrated hydrochloric 
acid ; part of this solution is dropped into strong alcohol ; an 
ensuing turbidity, or the separation of a granular salt, would 
indicate the admixture of salts insoluble or less soluble in alco- 
hol. 

Oalci^tm, chloride may be detected in the rest of the solution 
obtained in the preceding teat, by precipitating it with ammo- 
nium sesqui-carbonate, and by subsequently redisaolving the 
precipitate by the addition of an excess of the reagent ; an in- 
complete solution would indicate calcium chloride. 

Sulphate may be recognized by a white precipitate in the 
diloted solution, acidulated with hydrochloric acid, on testing 
with barium chloride. 

Magnesvum and manganese chlorides may be detected, in 
the ammoniacal solution of the preceding test, after filtering, 
if necessary, by testing it with a few drops of solution of so- 
dium phosphate ; the occurrence of a turbidity, not disappear- 
ing upon the addition of solution of ammonium sesqui-carbon- 
ate, would indicate magnesium salts, if the precipitate is white, 
and manganese salts, if it has a pale reddish color^ 

Ammonium ohhride (aramonio-zinc chloride) may be de- 
tected by an ammoniacal odor, and by white vapors when a 
glass rod, moistened with acetic acid, is held in the orifice of the 
test-tube, wherein a few grains of the salt are heated with a 
strong solution of potassium hydrate. 

Metallic wnpurities are detected by mixing a strong aolu- 
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tion of the salt, rendered limpid by a few drops of hydrochloric 
acid, -with twice its volume of hydrosulphurio acid ; a white 
turbidity will occur, which must disappear upon farther acidu- 
lation with hydrochloric acid, and warming ; a colored precipi- 
tate would indicate metallic impurities (lead, copper, or cad- 
mium). If a yellow precipitate takes place, arsenic is indicated, 
The presence of this substance may be confirmed by the occur- 
rence of a brown precipitate, when a solution of about 10 grains 
of the zinc chloride in half an ounce of concentrated hydro- 
chloric acid is heated to boiling with about 20 drops of concen- 
trated solution of etannoua chloride. 



ziij-ci oxmtnvi. 

ZINCUM OXYDATUM. FLORES ZINCI. 
Oxide of Zino. Zinc Oxide. 

A white powder, soft and loose, inodorous and tasteless, re- 
maining white when mixed with hydrosnlphuric acid. When 
heated in a dry tube or a porcelain crucible, it neither fuses nor 
volatilizes, but assumes a lemon-yellow color, which disappears 
again on cooling ; when the oxide is subsequently heated in a 
mixture of equal parts of acetic acid and water, it dissolves 
wholly and without effervescence. "When moistened with one 
drop of solution of cobaltous nitrate, and heated in the flame 
of the blow-pipe, zinc oxide assumes a green color. 

Zinc oxide is insoluble in water, glycerin, and alcohol, but 
soluble in diluted acids, forming colorless solutions, which, when 
acid, are not acted upon by bydrosulphm'ic acid or ammonium 
Bulphydrate; when neutral, they are only incompletely pre- 
cipitated by the former reagent, but completely by the lat- 
ter ; when alkaline, they are wholly precipitated by both rea- 
gents. The solntions of zinc oxide form wliite precipitates with 
the alkaline hydrates and carbonates, of which those with the 
former, and with ammonium carbonate, are soluble in an ex- 
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cesa of the precipitant, but thej are repreclpitated from these 
Boliitions, if not too concentrated, bj boiling. Zinc oxide is, 
therefore, soluble in uoneentrated solntiona of the alkaline 
hydrates (when free from carbonates), and of ammonium car- 
bonate. 

Zinc oxide absorbs carbonic acid slowly from the atmos- 
phere. 

Examination : 

Sulphates and Ghlorides. — About one drachm of the zinc 
oxide is agitated for a few minutes with about one ounce of 
boiling water, and subseq^uently filtered ; a few drops of the 
filtrate, evaporated upon platinum-foil, should leave no residue ; 
nor should the filtrate, after the addition of a few drops of nitric 
acid, give any reaction with barium nitrate or with argentic 
nitrate. 

Carbonates and Salts of Aluminium, and Alkaliiie EaHhy 
Sulphates and Phosphates.—Tha oxide left on the filter in the 
preceding test is dissolved, with the aid of heat, in about half a 
flnidounce of acetic acid diluted with an equal volume of water ; 
effervesce nee would indicate carbonates, and an insoluble resi- 
due, aluminium salts or calcium or barium sulphates {zinc 
oxide prepared in the dry way generally leaves a small gray 
residue, consisting of minute particles of metallic zinc, readily 
Boluhle in hydrochloric or nitric acid) ; the Bolution is filtered, 
if necessary, and is then slowly over-saturated with aqua ammo- 
nias ; the ensuing white turbidity must disappear upon the 
addition of an excess of the reagent; a remaining turbidity 
would indicate earthy phosphates. 

Calcium and Magnesium.— ^\iG ammoniacal solution of the 
preceding test is filtered, if necessary, and ia tested in separate 
portions with ammonium oxalate for calcium, and with a few 
drops of diluted phosphoric acid for magnesium ; a white tur- 
bidity, not disappearing upon addition of aqua ammonia', will 
indicate calcium with the iirst and magnesium with the latter 
reagent. 

Arsenic and GadmiiMn. — The rest of the ammoniacal solu- 
tion is mixed with twice its volume of hydrosulphuric acid ; a 
white precipitate should occur, which disappears upon over- 
saturation with hydrochloric acid and gentle warming ; a slight 
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remaining precipitate, yellow or pale brown, would indicate 
arsenic or cadmium. 

If snch a reaction takes place, so much of the precipitate 
may be obtained as to collect it upon a small filter ; it is washed 
with a little hydrosulphurie acid, and subsequently with water, 
and is then treated upon the filter with a few drops of a warm 
strong solation of ammonium sesqui-carbonate ; arsenic sul- 
phide 13 dissolved, and may be reprecipitated in the solution by 
over- saturating it with hydrochloric acid diluted with some 
liydrasulphuric acid. Cadmium sulphide remains undissolved 
upon the filter, and may be recognized by a red-brown coating 
of the coal, when heated with a little exsiccated sodium car- 
bonate upon charcoal before the blow-pipe (Fig. 95). 




Ab a confirmatory test for arsenic, or to detect a minnte 
quantity of it, about 10 grains of the oxide may be dissolved 
in half an ounce of concentrated ]iydrochiorie acid, and, after 
the addition of 30 drops of concentrated solution of stannous 
chloride, heated to boiling ; a brown turbidity would confirm 
the presence of arsenic. 



ZIHCI SXTLPHAS. 

ZINCUM 8ULPHUEICUM. 
Sulphate of Zinc. White Vitriol. Zinc S 
Colorless, transparent rhombic prisms, containing 7 mole- 
cules (43.89 per cent.) of water of crystallization, of which 6 
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molecules evaporate at common temperature in drj* air, with 
efflorescence of the ealt, while the remaining one does not 
separate below 220° C. When heated, zinc sulphate under- 
goes aqueous fusion, and becomes solid again after the evapo- 
ration of the water ; at a stronger heat, it is decomposed, sul- 
phurous acid and oxygen being evolved, and zinc oxide remain- 
ing behind ; when this is moistened with one drop of solution 
of eobaltous nitrate, and heated again to redness, it assumes a 
green color (magnesium sulphate, when similarly treated, gives 
a reddish coloration, alum a blue one). 

Zinc sulphate is readily soluble in water, 100 parts of which 
dissolve at 10° 0. 138 parts, at 20° C. 161.'5 parts, and at 100" 
C. 653.5 parts, of the crystallized salt; it is soluble in about 
three parts of glycerin, and in an excess of the solutions of the 
alkaline hydrates, but it is little soluble in strong, and not 
at all in absolute, alcohol ; the aqueous solution reddens blue 
litmua-paper and has a metallic styptic taste, remains color- 
less with solution of tannic acid, and gives, a copious white 
precipitate with highly diluted solution of barium chloride. 
Its deportment with reagents is the same as described on 
page 368. 

Examination : 

Metallio Tmpttrities. — A concenti'ated solution of zinc sul- 
phate is slightly acidulated with a few drops of diluted sul- 
phuric acid, and added to about three times its volume of 
hydrosulphurie acid ; no turbidity or coloration should take 
place; aqua ammonite is then added in a slight excess, and 
must produce a perfectly white precipitate ; or otherwise me- 
tallic impurities (copper, lead, cadmium, iron, arsenic) are indi- 
cated. 

The same test may servo to distinguish at once raagneaium 
sulphate from zinc sulphate; these substances, being isomor- 
pbous and of a similar appearance, are liable to -be taken one 
for the other; solution of magnesium sulphate is not acted 
upon by hydrosulphurie acid, nor by ammonium sulphydrate. 

Alkaline and Earthy Sulphates. — A solution of 20 grains 
of zinc sulphate in about 3 drachms of water is mixed with a 
Bolution of 30 grains of crystallized plumbic acetate in half 
an ounce of water ; after repeated agitation, the mixture is fil- 
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tered, and the filtrate completely precipitated with hjdroaul- 
plmric acid ; this mixture is also filtered, and the filtrate must 
leave no residue upon evaporation on platinum-foil ; if anj such 
remains, the presence of alkaline or earthy sulphates is indi- 
cated, 

MagnesiuTH and aluminium sulphates are indicated by a 
white insoluble residue, when the solution of the salt is pre- 
cipitated by ammonium hydrate, and the precipitate redissolved 
in au excess of the precipitant. 



ZINOI TALEEIAWAS. 

ZINCUM VALERIANICUM. 

Valerianate of Zine. Zine Valerianate. 

Anhydrous, white, pearly lamellar crystals,* somewhat unc- 
tuous to the touch, and with a feeble odor of valerianic 
"When heated, they fuse at 140" C, and decompose at a hi 
temperature, with the evolution of white, inflammable vapors, 
finally leaving behind zinc oxide (about 30 per cent.), which, 
when moistened with a drop of a solution of cobaltous nitrate, 
and reheated to redness, becomes green. 

Zinc valerianate dissolves in 90 parts of cold, and 40 parts 
of boiling, water, and in 60 parts of cold, and 17 parts of boil- 
ing, alcohol, of a spec. grav. of 0.835 ; it is also soluble in gly- 
cerin, and in an excess of aqua ammonias, but only sparingly 
in ether or chloroform. Its solutions redden blue Htmus-paper, 
and become turbid upon warming, but clear again on cooling ; 
ifis also readily sohible . in diluted acids, but with decomposi- 
tion, and consequent turbidity Irom the elimination of the va- 
lerianic acid, which gradually collects aa an oily stratum upon 

" Somelimea a hydrated zinc Tulecianate is met with, obtained by miiing equiva- 
lent quantities of valerlanio-aoid hydrate and freshly-precipitated zinc carbonate, 
with a small amount of water, so aa to form a paate, and by aubaequent eisiccntion 
at a gentle iieat ; it forms a wiiitish powder, and has the same properties and reac- 
tions aa the crystallized anhydroua salt, except that it containa ii per cent, of wa- 
ter, and ia more aoluble in water, glycerin, and alcohol ; from its Bolution, the anliy- 
drous aalt cryatallizes. 
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the aqueous solution ; an addition of aqua aramonise at first in- 
creases tSie turbidity, but, when added in excess, I'orma a clear 
solution. 

The deportment of solutions of zinc valerianate with re- 
agents, after the elimination of the acid by hydrochloric or sul- 
phuric acids, is tiie same as described on page 368. 

Examiaation : 

Zinc acetate may be detected by agitating a little of the 
triturated zinc valerianate, in a test-tube, with about two 
drachms of cold water, and adding to the filtrate one or two 
drops of ferric chloride; the liquid, if necessary, is tiltered 
again, and must appear almost colorless; a reddish tint would 
indicate. acetic acid. 

Tartaric and OxaUo Acids, and Magnesium and Caloium. 
— The undissolved valerianate of the preceding test is rinsed 
through the broken filter into a test-tube, and is agitated with 
a sufficient quantity of aqua ammonite ; a complete solution 
must take place, which may be tested, in separate portions, with 
solution of calcium chloride for oxalic and tartaric acids, and 
with solution of sodium phosphate tor calcium and magnesium 




salts ; a white precipitate, in cither cajie, will indicate one or 
other of the above admixtures. 

Boracic acid may be detected by triturating a little of the 
salt with a few drops of alcohol, and by igniting and burning 
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the mixture, witli stirring : a green coloration of the flame, 
especially toward the termination of the ignition, would indi- 
cate boracic acid. 

Butyric Acid. — About one drachm of the salt ia triturated, 
and added, in a small flast, to a mixture consisting of 100 
grains of concentrated sulpburie acid and 100 grains of water ; 
the mixture is submitted to distillation at a gentle heat (Fig. 
96), until about half a drachm of distillate is obtained ; this is 
agitated with a little concentrated solution of cupric acetate, 
which should not immediately affect the transparency of the 
liquid, but it forms, after a while, oily drops of anhydrous cu- 
pric valerianate, which, after from 5 to 20 minutes, pass into a 
greenish-blue crystalline deposit of hydrated cupric valerianate. 
If, however, the salt consists mainly or wholly of butyrate, the 
transparency of the liquid would at once be impaired by the 
formation of a crystalline precipitate. 
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T ABX.E 

iLEMESTAEY BODIES, WITH THEIE ATOMIC SYMBOLS AHD WEIGHTS. 



KAUE. 


Atomic 
Symliol. Weigllt. 


NAME. 


Atomic 
Symbol. Weight. 


Hydrogen 

(standard unity), 


H 


1 


Lead, 


Pb 


207 


Aluminium, 


Al 


27.4 


Lithium, 


Li 


7 


Antimony. 


Sb 


123 


Magnesiimi, 


Mg 


24 


Arsenic, 


As 


75 


Manganese, 


Mn 


55 


Barium, 


Ba 


137 


Mercmy, 


Hg 


200 


Bismuth, 


Bi 


210 


Molybdenum, 


Mo 


90 


Boron, 


Bo 


11 


Nickel, 


Ni 


58.8 


Bromine, 


Br 


80 


Nitrogen, 


N 


14 


Ctidmium, 


Cd 


112 


Oxygen, 





16 


Calcium, 


Ca 


40 


Phosphorus, 


P 


31 


Carbon, 





12 


Platinum. 


Pt 


197.4 


Cerium, 


Ce 


93 


Potassium, 


K 


39.1 


Chlorine, 


CI 


35.5 


Selenium, 


Se 


79.4 


Chromium, 


Cr 


62.2 


saloon. 


SI 


28 


Cohalt, 


Co 


58.8 


Silver, 


Ag 


108 


Copper, 


Cu 


03.4 


Sodium, 


Na 


23 


Fluorine, 


F 


J9 


Strontium, 


Sr 


87.6 


Gold, 


Au 


197 


Sulphur, 


S 


32 


Iodine, 


I 


127 


Tin, 


Sn 


118 


Iron, 


Fe 


sa 


Zinc, 


Zn 


65.2 
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rOK COHVEKTIKQ DEOEEES OF 
DEfiKEES OF 



THE CENTIOEADE TIIEEMOMETEG INTO 
SCALE. 



Cent. rate. 


Gent, 


ruhr. 


Ceol. 


Fahr, 


„. 


Fahr, 


— 40° 


—40.0 


+ 1° 


+ S3°8 


+ 43° 


4-107?6 


+ 88° 


+ 181°4 


— 89 


—38.3 


3 


35.6 


48 


109.4 


84 


183.3 


— 38 


-86.4 


3 


37.4 


44 


111.3 




185.0 




-34.6 


4 


89.3 


45 


113.0 




186.8 


— 36 


-32.8 


5 


41.0 


46 


114.8 


87 


188.0 


— 85 


—31.0 





43.8 


47 


116.6 


88 


190.4 


— 34 


-39.3 


T 


44.0 


48 


118.4 


89 


192.3 


— 33 


-3Y.4 


8 


46.4 


49 


130.2 


90 


194.0 


— 82 


-26.6 




48.2 


50 


133.0 


91 


195.8 


-31 




10 


50.0 


51 


133.8 


93 


197.0 


— 30 




11 


51.8 


52 


125.6 




199.4 


-39 




12 


63.6 


53 


137.4 


94 


301.2 




— 18!4 


13 


5S.4 


54 


139.3 


95 


303.0 


-27 


-16.6 


■ 14 


G7.2 


65 


131.0 


96 


304.8 


— 2S 


-14.8 


IS 


59.0 


5G 


183.8 


97 


206.0 


— 25 


—18.0 


16 


60.8 


57 


134.6 


98 


308.4 


— 24 


-11.2 


17 


62.6 


68 


136.4 


99 


310.3 


— 33 


- 9.4 


18 


64.4 


59 


138.2 


lOO 


313.0 


— 33 


— 1.6 


19 


68.3 


60 


140.0 


101 


213.8 


— 21 


— 5.8 


30 


68.0 


61 


141.8 


103 


316.0 


— 20 


— 4,0 


21 


69.8 


62 


143.6 


108 


317.4 


— 19 


~ 3.3 


33 


71.6 


63 


146.4 


104 


219.3 


— 18 


- 0.4 


23 


T3.4 


64 


147.3 


105 


231.0 


-IT 


+ 1.4 


34 


75.2 


65 


149.0 


106 


332.8 


— IS 


3.2 


25 


7r.o 




150.8 
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Ferric nitrate, sotation of 


248 


G. 


pemitrate solution of 


2U 
MS 
313 


Gallic and 
Gahtm (aa reagent) 
(xlacial acetio acid 


sulphate, eolution of 249 
Valerianae 217 


pliospbonc acid 
Glauber's salt 
Glycerin 

Golden sulphur 
Gramme 




206 


Peicous carbonate 


aoi 


carbonate saLtharated 
feme araeniate 


187 

isa 


feme hydrate 


ail 






ai2 




iodide 




Jlepar laJplmnK 


iodide, Baccharatad 


208 


Hippucjc acid 


lactate 


209 


sulphate 


aiB 


eulpbate (as reagent) 


37 


dihiirhart mite 


J^jrimi 


218 


cyamdam 




196 


eorfirfain rv}iram 




197 


iod,dum v„tdp 


cOncicm 


300 


mlialti, hquar 






oxtdum jlavum 




201 






201 


percldoiidum 




202 


mbchlortdma 




203 


subntlrm 




204 


:«££%*„ 


etpof<mmm Imiancwn 


304 


ferrocya^at^ 






hydnrtim 


au 


amidnfo hcldoratum 


vMvm 


207 
208 






208 


JneMmatum 


ladvjim 


209 


cIiloralKm mrfo 




214 


Bornmvtim BuiAmaftwn 


oxydatum rahram 


310 


eyiataium 




211 


tadalamjlamim 


ox/dulalo oxi/daium pho>plioru 


lodaiam ivirmn 




212 






312 






318 


oxydaiam ma hnmida pat alum 


^^mphof^n^ 


218 


praectpitalum atbtun 


pyrophotpluyrieamcum. ammom 


214 


aulp/oinaim fiavum 


redaetam 


318 






218 


(aa reagent) 


aesgui-cliloi atum 
aubcarbomeum 


198 


of banum (as reaffont) 


314 


calcium, solution of 


««M«ricam 


31S 


chloral 


stdpMrieum oxydaiatn anano 


oxide of iron 




203 


potassium 




208 


sodium 


valerMnteum 


317 


Hydrochlorit aoid 


JVoPOT ardimontt 


134 




bfmoet 






aulphuns 


8fal 
S6R 


Hjdroohioude of morphia 
quinia 


Fowler 9 «jIution 


lU 


Rjdiwjanic acid 


Fu el-oil 


122 


Hydrogen naitent (as loa^mt) 
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Hydrogen, Bulpburettad (as reagent). 
Hydtoaulphurio acid (aa reagent).. . 
Hjpoolilorite of cakioni 

Hypophosphite of caldum 

Hyposulphite of aodium 

Indigo sulphate, solution of (as re- 
agent) , 

sulphuric acid (as reagent) 

lodate of polaaaium (as reagent. . . . 
Iodide of ammonium 

metoury, green 

mercury, red. 

BOdiom 

Bulphnr. 

Iodides, (hsyncHon from bromides. 

128, 

distinction from cblorides. 

305, 

Iodine 

volumetric test-solution of 

water (as ceagent) 

lodiniied potasaium iodide (as re- 
agent) 

Iodoform 

Iodoform«m 

lodiaii 

Iron, acatate of, aoiution of. 

ammouio-chloridc of. 

ammonlo-citcafe of. 

ammonio-sulpbate of. 

ammonio-tartrate of. 

araeniate of. 

earbotiate of 

chloride of 

citrate of. 

ferrocyanide of. ■ 

hydcated oiide of. 

hypophosphito of. 

iodide of. 

iodide oC saccharated 

lactate of. 

magnetic oside of. 

nitrate of, solution of 

perchloride of. 

peroiyhydrate of. 

pemitrate of, soluUon of 

peraulphate of, solution of.. . . 
phosphate of 



Iron, pota^sio tartrate of 2' 

powdei S 

pyrophosphate of 2 
pyrophosphate of with eitcate 

of ammonmm 3 

and qmnia citi ate of S 

saccharated carbonate of I 

seaqui-Lhloride of 1 

subcarbonato of 2 

sulphate of 3 

tersulphati. of solution of 3 

Taleiianate oi 2 



Kahum aceticum 
bicariontmm 
biehroimaim 
hiUiiiat iCitm. 



caibonuwn cnidmn 
carhomaita depuratum 
carbonteum parata 

cMimcam 
ckroJntcaai, TuhrtuR 
fevrocyanatum 
hydrtcum 
hiipfrmmi^antt nm 
todaliait 
mincvm 
■permangantcmn 

Usitancum 
Kertnii raiKercde 



Lac snlpli'iris 
Lactate of ii on 
Lactic acid 
Lead, acetate of 

carbonate of 

iodide of 

nitrate of 

oxide of 

subacetale of aolution of 
subcatbonate of 
sugar of 

( Ume, carbonate of 
chlonnated 
hypopliOBpMte of 
phosphate of 

I Liquor ammonice 
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iijuoj- eahts 


247 


Hercunc sulphate 


chlor. 


147 


sulphide 


femai-etalu 


347 


mrciirtaa du/cts 


fern chlartdi 


198 


Morouroug chlondt 


>„..»•«„ 


aitf 


iodide 


fern permtratti 


248 




fern perstd^MUi 








249 






249 


ammonioi.hkrLdeof 


hydrargyn mtt alia 


250 


bwiodide of 


hydritrffgrt mlrta oxgdalah 


235 


Cjanide ol 




260 


oside of 


isalii ««m««t. 


254 


pepohlonde of 


k«M cai^ct 


263 




nalrn causlta 


264 


protoiodide of 




261 


Eubchlonde of 


potasm 


2d3 


eubnitrate of 




254 


sulphate of 




262 


Bolphide of 


todce 


2Bi 


Methenjl iodide 


todu k,/dratis 


264 


Mineral kermes 


jriiAit chlorah 


248 


Mmivm 


Utharge. 


282 


Morphia 




282 




m/ai earbonia 
cams 


216 
257 


estimation of, iii opium 


lAOmm cia-bomeum 




hydroohlorate 


« edncum 






Litmus paper 


82 


sulphate 


golulmn 


82 


Jforihueacelas 


Litre flusks and jars 


53 


liydiochloias 


Lunar caustio 


150 


sulphas 












MagDeaift 


268 




taLinei 


258 


lalphuneam 


Magn.s'a <Jha 


369 


Muodage of starch {as lejgent) 




269 


Muriatic acid 




260 


Mustacd-oa 


■aata 


258 




MagnesH earhanas 


259 


N. 


axtdatn 






^ph^ 


260 


jVoftio Laham tarlanoirti 




259 


mtnumacdicvm 








Bulphnto 


260 


hihorvnim 


Hagnetie oiide of iron 


211 


bicarbomcam 


Manganese, Wack oiide of 


262 


carbonKum 


dioiiJe of 


262 




sulphate of 


264 


ehiotatum. 






hldi^m 


Manganona aulphate 


264 
264 






262 


t^um 


luhihartaim 


264 




Mercunc chloride 


225 




cjanide. 


228 


SV&>,-,«»« 


iodide 


221 




nitrate, °o1ution of 


232 
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211 


A«mi! ocetos " 


Nitrate of amiDonmm 


139 




bismuth 


159 


lodtdum ' 


iron, solution of 


248 




lead 


282 




mercury 


235, 2S0 


oxidum rubmm 


pousaum 


806 


ivhaietabs, kquor 


saver 


150 


auhcarbonaa 




S4S 


FlumbiG acetate 




857 




Nitre 


80!, 


iodide 




351 


monoxide 


Hitnoaud 


91 


nitiate 


Niliitt cthjl 


361 


plambate 


O. 




subai-etate, solution of 


Oil of bitter almonds 
mustard 


277 
274 


JVumbum arefieuai 
toda'um 


Opium, e'ltimate of morphia atrength 267 


Potash, crude 


Oxalate of ceiium 
Oxalic acid 


Jli 
85 


voloinetris test-solution ol 


66 


pure caustic 
Potas3^ 

htlarlras 


Oxide of antmiony 


134 


copper 

lion 310 

lead 


lag 

211 214 
282 2S1 




^B8 




3l>2 




232 
164 
868 
168 




Osy-enrbonate of biamulh 


para 
ferrocyamduoi 


-chloride of antimony 
.nitrate of bismuth 


24b 
IBS 


sulphide of antimous- 


1 


S^^" 


P. 








nttras 


Pearlash. 




eltodit laTtras 


purified 


'.'.'. 2M 


Pentasuiphide of antimony 


... 140 


»u!ph«^ 


PercMorideofiron 


... 198 






....226 




... 307 


tartias 


Pemitrate of iron, solotion of. . 


...248 




mercury, solution of. 


... 250 


ferric tartrate 


Peroxyhydrate of h«n 


... 210 


mercuno iodide (as reagent) 


Persulphate of Iron, solution of 


...249 


Potassium acetate 


Fhenio alcohol 


... 78 


arsenite, solution of 


Phenicacid 


... 78 


Phenol 


... 78 


bicarbonate 


Phosphate of ammonium 


... ISO 




calcium 


... 169 


hitartrate 




... 213 


bromide 




... 169 


carbonate, crude 




... 345 


tarbonat«, purified 
carbonate, pure 


Phosphoric acid 


... 86 
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Potassium cbtorute 


21'! 




femcj amide (as reagent) 


SB 


Saltpetre 


ferraovaoide 


801 


Chih 


hydrate 


298 


Salt, oommoa 


iodate (as reagent) 


2i 


oftaitai 


iodide 


soa 


Santonm 




306 


f<anlo«iiium 




307 


Seignette salt 


pnisBiftte 


301 




aud -odium tartrate 


•i>J8 


chloride of iron 


sulphate 


309 


Silver, nitrate of 


sulphide 


310 


oside of 


tulphuret 


SIO 


anapw, oirom 




26 


Soda 




811 


8od<^ Itquar 




16 


Sod,i Ztas 


Preoipitttted carbonate of lime 


167 




oxide of meiourj 


233 


Ubwas 


phosphfite of hme 














226 






231 


hyd,a^ 


PtusBian blue 


iOB 


hypopho^phiS 


Pnissiate of potassium 
Pjrolusite 


801 
S62 


I^ophoaphate of iron 


213 




lu scales 


214 


p/imp/i^s 


of iron nith citrale of am 


214 


pnuphotpkas 


ofsodmm 


846 


ZiXs 
Sodium acetate 


Q. 






Qwckrilver 


238 


biborato 


Qumia 


312 


bicarbonate 


feme citrate 


204 


bitartnte (aa reagent) 


hjdrocMorate 




carbonate 


hydrochloride 




chloride 


sulphate 


820 


dithionate 


tsnnate 


824 


hydrate 




326 




Qutnue hvdrtX^Moias 


Sit 






819 


hyposulphite 


^p/^s 


320 






324 


iodide 




32B 




Qmnme 


313 




Qnmoidme 


336 


and potawium tartrate 


Qutnotdjntim 


^2b 


Dsr- 


R. 




sulphate 


Heootions 


IB 


sulphite 


Beagpiits 


13,20 




Red iodide of mercury 


229 


Sodtum tartaraHim 


oiide of lead 


284 


Solution 


oade of mercury 


282 


alcoholic, of ethyl mtrite 


precipitate 


2d 3 


alcoholic, of ammonia 


sulphide of mercury 


236 


ammoniuni acetate 


Koohello sdt 


SOS 


ammonium hTdrate 
antiraoniouB chloride 


S. 




calcium li\dnte 


Sacoharated pa,rbonate of iron 


197 


Chlorine 


iodide of iron 


30b 


Jeiiit acetate 
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Bolution ferine chloride 


198 


Sulphite of sodium 


feme nitriite 


248 




feme sulphate 


249 


agent) 


mermiio nitrate 


260 


Sulphur, flonera of 


merourous nitcnte 


235 


golden 




254 


iodide of 




2d3 


precipitated 


Bodium hydrate 


2G4 


sublimed 




251 


Sulp&iir auraium aiiftmomi 


Spmt of niti-oaa ether 


351 


depwratiaa 


^nlnt celAerui mfrosi 


351 


wdalum 




142 


lot«m 


«^Mca 


311 




mtroto-aihereas 


dSl 


fuhltmalum 


MchSeatM 


lis 




Stannoua chlonde (as reagent) 


28 


Sulphuretted hydrogen 


«iitt cM.mii, ligaar 


246 


Suiphuiet of potassium 


«tii™» oii/djimi 


134 


Sulphuric acid 


lulplim afum rubmn. 


140 


acid muoilage of starch (as re 


138 
185 


gent) ^ 


Strjchnia 


354 


Sulphydcjte of ammonium (as re- 

ai,ent) 
Sweat ipint of mtrc 


sulphate 


368 


fi^m^xls ntfnu 


857 


Si/rupua Jem lodidi 


'w^Ma* 








"SI 


T. 




S6S 


Tannale of qumia 


SnbaLetflte of coppei 


188 


Tannic aeid 


lead, solution of 


261 


Tartar, cieum of 


Sabcarbonate of biamuth 


168 


emetic 


iron 


214 


Tartaric ncid 


lead 


279 




Bobohlonde of maroury 


226 


Tarlarus <l/puralu3 


Sublimed «iilpbor 


361 


na^viiatas 




151 


shhalM 


mercury 


235 






249 


of lion and potassium 


nieroiiry 






Sabsuljibile of sodium 


139 


of pobissium and antimony 


Succinic acid 


102 


of potassium and sodium 


Sugar of lead 
atropia 


278 


Tersulphate ot iron, solution ot 


124 


Test-papers 


156 


Test solutions, rolumetru, of 


cadmium 


167 


argentu, nitiate 


cinchoQia 


181 


iodine 


copper 


191 


oialic acid 




215 


sodium h)drate 








magnesium 


260 


Theme 




2h4 




mercury 




degrees ol 




272 


Tmcture of opium, estunation of 




309 


morphia Strength of 


duinia 


820 






847 




Btrjchma 


368 


sodmm phospbate 




370 


Tciplumbw, acetate, solution of 


Sulphide of antimony 


1?8 


tetroiide 




336 




potaB=uum 


SIO 


Troj Bci^ht 
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Turbidity 

Tanneiic paper 

soluOon 

Tmpetkmn miiterate 5 

V. 

ValeriaDRte of ammonium i 

bisrautli ] 

iron S 

quinia i 

TaJerianic add 1 

Veratrin. . . i 

Veratrinum £ 

Teri^gris , . , 1 

Veni^Ion i 

Yiuegar 

Vitriol, blue. ] 

white S 

Voiunaetrio test-solutiona. (See Test- 
Bolu^QB.) 

W. 

Waahing-bottle la 

Water, dilorino 147 

distUled 1*9 - 

distilled, in tests 

of bitter almoods 1 

Weiglits, atomic S 

couiei^OD of tro:r iulo metric. S 



|btB, conversion of metric into 

ly 8 

! White arseoic 

lead 2 

precipitate 2 

vitriol 3 

Wood-tar creasote 1 

Y. 

Yellow iodide of mercury 3: 

oxide of mercui'y 2; 

prussiate of poiasGiuiu 3i 

Eubsnlphate of nicroucy 2: 



Z. 



thlonde 
oiide 
sulphate 
% albrianate 

ta/dtim 
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THE ffOBKS OF PEORMI TINDALL, LLD., F.E,S. 

Heat as a Mode of Motion. 

One vol., ismo. Cloth, $2.00. 

On Sound. 

A Course of Eight Lectures delivered at the Royal Institution of Great Britain. 
One vol. With mu3trations. i3mo. Cloth, $2.00. 

"Ih the foUowinE pase^ I have Iricd lo render the science of Acoustics itilncsdnE to all inulligent p«r. 
sons, includinB those who do not possess any special scientific cnltnre."— /™wi ^jjj^m'j I'rifycs. 

Fragments of Science for Unscientific 
People. 

A Series of Detached Essays, Lectures, and Reviews. One vol., lamo. 
Cloth, $2.00. 

the aciendfic'mbii'c"'".''"'' '. '"ZmTms^m th"iSp"l« ame'wh^ ^duced'm^o gltim Ihe^se'^FraB- 
ments,' and lo my friends in Ihe Umied.Stalcs I dedicate then.."— ^n-iM ^»/-Ior'j rrtf^K. 

Light and Electricity. 

Notes of Two Courses of Lectures before the Royal Institution of Great Brit- 
ain. One vol., i2mo. Cloth, $1.25. 

" In dins dcariy and sharply stating Ihe fundamaital principles of Elccnical and Optical Science, Prot 
Tyndall has earned the cordial tbaoli! of aU interested in education."— f™i American Ediuys Pnfate. 

Hours of Exercise in the Alps. 

One vol., i2nio. With Illustrations. Cloth, $2.00. 

Faraday as a Discoverer. 

One vol,, 121110. Cloth, $1.00. 

^ThtAuTlmr. "'^ esc li wc 

Forms of Water, in Clouds, Rain, Rivers, 
lee, and Glaciers. 

This is the first volume of the International Scientific Series, and is a valuable 
and interesting work. One vol., i2mo. Cloth, $1.50, 

Contributions to Molecular Physics in the 
Domain of Radiant Heat. 

A. Series of Memoirs published in the "Philosophical Transactions" and 
" Philosophical Magazine." With Additions. I vol., 8vo. Cloth, $5.00. 

Lectures on Light delivered in America. 

With numerous Illustrations. Small i2mo. Nearly ready. 
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A New High-class Magazine for Students and Cultivated 
Readers. 



POPULAR SCIENCE MONTHLY, 

CONDUCTED KY 

Professor E. L. YOUMANS. 



The growing importance of scientific knowledge to all classes of the com- 
munity calls for more efficient means of diffusing it. The Popular Science 
Monthly has been started to promote this object, and supplies a want met 
by no other periodical in the United States. 

It contains instructive and attractive articles, and abstracts of articles, ori- 
ginal, selected, and illustrated, from the leading scientific men of ditferent 
countries, giving the latest interpretations of natural phenomena, explaining 
the applications of science to the practical arts, and to the operations of do- 
mestic life. 

It will have contributions from Herbert Spencer, Professor Huxley, 
Professor Tynd ALL, M)'. Darwin, and other writers identified with specula- 
tive thought and scientific investigation. 



OPINIONS OF the: pbess. 

"Just the puMicalion needed at the present day. "^Montrta I Casetli. 
" It is, besoDd camparison, the best altempt at journalism of the kmd c 
Hi»ta ynunu,!. ....._^„ ^ ■.„.,■, 
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THE POPULAR SCIENCE MONTHLY is published in a largs oc- 
tavo, handsontety printed on dear type. Terms: Five Dollars per annum, or 
Fifty Cents per copy. 

Any person remitting Twenty Dollars for four yearly subscriptions will re- 
ceive an extra copy gratis, or five yearly subscriptions for $zo.oo. 

The Popular Science Monthly and Appletons' Journal (weekly), 
per annum, $8.00. 

Remittances should be made by postal money-order or check to the 
Publishers, 

D. APPLETON & CO., 

549 & 5S< Broadway, N. V. 
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THE NEW AND CHEAPER EDITION OF 

FIGUIER'S 

Popular Scientific Works, 

Containing ail the Original Illustrations. With ths Text thoroughly 
revised and corrected. Price, ^^.yieach. 

The World Before the Deluge. 

The Geological Portion carefully revised, and much New Matter added, 
by H. W. Bristow, F, R. S.,oftheGeological Survey of Great Britain, 
Hon. Fellow of King's College, London. Witli 233 Illustrations, i 
vol., 8vo. Price, $3.50. 

The Ocean World. 

Being a Description of the Sea and its Living Inhabitants. Revised and 
corrected by Professor E. PERCIVAL WRIGHT, M. D. With 437 Illus- 
trations. I vol., 8vo, Price, $3.50. 

The Insect World : 

A Popular Account of the Orders of Insects. Revised and corrected by 
P. Martin Duncan, M. D., F. R. S., Professor of Geology in King's 
College, London. With 576 Illustrations, i voL, 8vo. Price, $3.50. 

" Rtmarkable at ones for Ihe btaut'y and variily of ils illustra.ioiis. Thi: book is an eicellunt one, and 
admirably got \ip,"—EdiieiitiMal Times. 



The Vegetable World: 



A History of Plants, with their Botanical Descriptions and Peculiar Prop- 
erties, and a Glossary of Botanical Terms. New edition, revised and 
corrected by an eminent Botanist. With 470 Illustrations, i vol., 8vo. 
Price, $3.50. 
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Reptiles and Birds. 



Revised and corrected by Captain Parker Gillmore, With 30? Illus- 
trations. 1 vol., 8vo. Price, $3.50. 

Either of tlie above %<i-axfree by mail to any address on receipt of the price. 

D. APPLETON & CO., Publishers. 
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